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separating into long strips or exfoliating in plates. Woodwith axial parenchyma,

lacking resin canals [sometimes with traumatic resin canals in Sequoia and

related genera] and ray tracheids [reported only for Chamaecyparis nootkaten-

sis]. Branches erect or spreading; branchlets erect to pendulous, terete or qua-

drangular, sometime Matt ii I in frondlil horizontal pi .s (in Cupressaceae

s.s.). Foliage leaves entire u> mmntel; serran lim u to linear-lanceolate and

spirally arranged (often apparently 2-rankcd by twisting of leaf bases) [or op-

posite in Metasequota] nth n lilu ial i odiaceai i i u lely opposil

or in whorls of 3 [rarely 4] and scalelike or sometimes awl or needle shaped

in the Cupressaceae s. s.; foliar resin canals 1 [to 3]. Pollen cones (microspo-

rangiatc strobili) sessile or short stalked, solitary or variously clustered, terminal

on leafy branches or shorl shoots (oi sometimes axillary); microsporophylls

spirally arranged, decussately opposite, or ternatc, ca. 6 to 24 per strobilus;

microsporangia 2 to 10 per sporophyll, globose or ellipsoid, longitudinally

dehiscent, pendulous, free, in 1 or 2 abaxial rows: pollen spheroidal, without

saccae or prothallial cells: intine thick, exine with surface microverrucate, with

papilla or obscure germinal aperture; male cells approximately equal in size.

Ovulate cones solitary (sometimes secondarily clustered), subglobose to ovoid

[to pyramidal], terminal or axillary, maturing in 1 to 3 seasons; bract and scale

components largely im.-.l m ih. m e con< \
i h brad tip protrusive or

inconspicuous; bract-scale complexes spirally arranged or decussately opposite

or ternatc, each with 1 to 6 [to 10, or rarely to 20 in Cupressus] erect [or

ultimately inverted], adaxial, hoitle-shaped o\ules; archegonia aggregated in

terminal (or lateral) complexes seal ; peltati or broadly ovate to triangular-

ovate or oblong, tin It led ( strongh II tiened ii m tn \ imbricate or val-

vate, [2 to 4] 6 to ca. 20 [to 40 or more] per cone, ultimately woody and
separating (or fleshy and fused into a beirylike structure in Juniperus). Seeds

1 to several per scale, with [1 or] 2 (or 3) lateral [or nearly terminal] wings

m<i ) d coat, or \ mgl eed coal n irn> from thin to t i

thick and woody, often with resin ducts: cotyledons 1 to (» (to 9 in Taxodium).

Chromosome number usually In = 22 (occasionally 33, 44 [66 in Sequoia

sempervirens]). (Including Taxodiaceae Warming, Haandb. Syst. Bot. ed. 2.

163. 1884; Juniperaeeae SchalTner.) Type genus: Cupressus L.

lamih uf 29 genera- 1 md approximate!} HO to 140 species concentrated

in the temperate portions of th I orth rn ind Southern hemispheres, but with

some species in boreal and austral areas and with Juniperus procera Hochst.

extending into tropical montane areas of eastern Africa. Of the eight genera

native in North Anu iM i
- hat , vnan S\ id\.. Juniperus I . Taxodium Rich.,

and Thuja L. occui ii the soulhe istern I 'unci m ii« s \> h le Calocedrus Kurz,

Cupressus L., Sequoia Endl., and Sequoiadendron Buchh. occur only in the

U n part of the continent vboiiildo ih e.enera an monotypic, although

several of these had much larger ranges (and presumably greater numbers of

species) in the Tertiary than th 1< no (Florin 1963). The largest and most
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widespread genera are Junipcrus (50 o

13 species) in the Northern Hemisphe

the Southern Hemisphere.

Most recent treatments of the conifers have followed Pilger in recognizing

seven families, with the Cupressaceae separate from the Taxodiaceae. However,

many European authors (including Emberger, H. Erdtman & Norin, and Le-

breton) have united th< si tw< families in the order Cupressales, and a number

of authors (Eckenwalder; Hart; Price & Lowenstein) have advocated merging

the two families under the earlier name Cupressaceae, as is done here. Although

Pilger and subsequent authors have circumscribed families primarily on the

basis of reproductive characters, especially those of the ovulate cone, the Cu-

pressaceae and Taxodiaceae arc similar in development and morphology of

the bract-scale complexes (Florin, 1951) and differ primarily in phyllotaxy of

leaves and cone scales. The leaves of the Cupressaceae s.s. are decussately

opposite or whorled, while those of the Taxodiaceae are alternate (except in

Mctasequoia Miki ex Hu & Cheng, in which they are decussately opposite).

The shift from spiral to decussate arrangement is hardly unique to the Cu-

pressaceae s.l. Both patterns are also seen in the Taxaceae (where Amentotaxus

Pilger has opposite leaves) and the Podocarpaceae (where Microcachrys J. D.

Hooker has opposite leaves). The taxodiaceous genera also differ from the

Cupressaceae s.s. in having a papilla protruding from the germinal area of the

pollen grain, although this can be very obscure in some genera (G. Erdtman;

Ueno, 1960a).

The two families are held together b\ an impressive number of morphological

characters, including erivedl ;ofembryology(archegonia borne in com-

plexes; free-nuclear mitotic divisions three or fewer in proembryogeny), paly-

nology (pollen grains nonsaccate, lacking prothallial cells), chromosome base

number (jc = 11). and high degrei of brad scale fusion in the ovulate cone.

Most genera have seeds with lateral wings derived from the seed coat (Singh,

1978), ovules are often more than two per cone scale, and microsporangia are

usually more than two per spoi
|

I

;

I i I c analyses of mor-

phological characters (Hart) and immunological comparisons of seed proteins

(Price & Lowenstein) indicate that the Cupressaceae s.l. are a natural group

quite distinct from the other familii ol conif rs and that the Cupressaceae 5.5.

form a monophyletic group apparently derived from within the traditional

The Cupressaceae s.l. appear to be only di I ntl re! led to thi other < lani

groups ofconitb except for tin monot pit ' iadopii <M' b & Zucc, Japanese

umbrella pine, which has often been treated as a morphologically isolated

member of the Taxodiaceae (set Eckenwaldei Liu & Su; Pilger; Sporne) or as

the separate family Sciadopityaceae Hayata (Doyle & Brennan, 1971; Hart;

Price & Lowenstein; Schlarbaum & Tsuchiya, 1985). Sciadopitys is similar to

the Cupressaceae s.l. in having ovulate cones with substantial bract-scale fusion

and several seeds per cone scale, each with two lateral wings derived from the

seed coat, and nonsaccate pollen grains lacking prothallial cells. Its chromosome

base number (x = 10) is apparently derived from that of the Cupressaceae s.l.

by aneuploid reduction (Schlarbaum & Tsuchiya, 1985). It is unique among
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ami Ins m h;i\ mi; elongate '"double needles" axillary short shoots that com-

bine features of leal and ,h in in then de 1 lopim n in 1 moi phol »p ( oth)

as its photosynthetie organs. It retains primitive states for embryological char-

acters (archegonia not grouped in eomplexi i ii • ,ei >)i i

i

ee-nuclear mitoses

in proembryogcny-Dogra, 1980; Doyle, 1963; Liu & Su; Tahara, 1937, 1940),

the derived states of which are shared by the Cupressaceae s./.; it also differs

in having male cells unequal in si/e ( I ahara I
'> MM

\
olh i grain \' uli i in 'h

more prominent verrucak sculpiun (H »

(

> ikiaO md \ood * nhoui i i I

parenchyma and with much laou i cross fn Id nil ; (Phillips). Sciadopitys is very

distant from the Cupressaceae v./. in immunological comparisons of seed pro-

teins (Price & Lowcnstcm). and it also has a long fossil record, dating back at

least to the Jurassic (Florin. 1 922. 1 %3; Manum). rims it appears to be a well-

separated sister-group of the ( upre: sa< eai ?./.(] [art; Price & Lowenstein), and

we treat it as th iiu uol\ pu i mnb < i idopilya< • a<

Most modern tribal md subfaimlial elassiiii nions of tin > upressaceae/Tax-

odiaceae lineage ha ^ I) mli ised in tin onh i Id . pai ate families, the

Cupressaceae and the Taxodiaceae or equivalent groups of lower rank (see,

for example, Gaussen. 1967. 1968; Pilgcr: Pilgcr & Melchior; Vicrhapper). The
Cupressaceae .v. v. ha\e been divided ml« nab. . oi ubianuli i m i \a, a ol

ways (compare I ndh hei
:.

(iaiisscn. I % lain hen; H. L. Li, 1953a; Moseley;

Pilgcr). In perhaps the most widely utilized modern treatment, H. L. Li (1953a)

divided the group mi u » sal I; milies ( upressoideae. with nine genera in the

Northern Hemisph re (fun hot liwdedmn in i p,. . ae Junipereae Ne-
gcr, andThujopsideae Endl. ).. and ( alhii oideac Saxton. including the ten South-

ern Hemisphere genera .plus '/', r</,7/7//.v M sua in Spain and northern vfnea

(further divided into tribes Actinostrobeae Endl.. Libocedreae H. L. Li, and

Tetraclincae H. L. Li). The cupressoid genera were separated from the callitroid

genera as having imbru ih ratio i ihan \ il\ it< i 1. , on the mature ovulate

cones. However, the lowermost cone scales are often similar in arrangement

in both groups, as was noted by De Laubenfels (1965). Moreover, the mature

cone scales of Cuprc\\n\ are nunov ci lapping. The cones of the two subfamilies

mostly differ in the reduced axis and usualh lewer cone scales in the callitroid

genera. The whorls of cone scales may be partially overlapping at the time of

pollination in the Sinn I . i ii i
I misplieiv g< i ra la i n he at approximately

the same level in the mature cone, rather than being separated along the cone

axis. Reduction in cone-scale number has also occurred in several Northern

Hemisphere genera (e.g.. in Microhiom komarm. with only two to four cone

scales on a reduced axis (Krussmann; Rushforth), in Ccdocedrus. and within

/ ' /< i " : s m i

' w iIim n i
-i

i M i nires of embryology
(laterally positioned uchegonia] complexc: md reduction ol th numlvi 'I

free-nuclear divisions in the early procmbryo) appears to support a close rela-

tionship among at least some of the Southern Hemisphere genera (Callitris,

Actinostrobus Miq., and (I uhinn.yjoiua Endl. —Dogra, 1984; Doyle & Brennan,

1972; Singh), although sampling has been very limited, and many of these

genera have never been studied.

Other classification I \c; oci ted/ / md ii t 'negate genera with

the thujoid genera of the Nonln m Eh misphen -Aim h hare elongate cone
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scales and flattened ultimate branch systems (De Laubenfels, 1953, 1988;

Janchen; Pilgei Vierhapper) Howcwi tin noithem -nic u ippi ,- i > diln i in

wood anatomy (Boutelje; Pence. 1937). Distribution of tropolone and bifla-

vonoid compounds (II. Erdlman & Norm; Gadek & Quinn, 1985), and pre-

liminary data on anatomii al hai u ters such as details of pitting of the foliar

transfusion tracheids (Gadek & Quinn, 1988) only partially agree with H. L.

Li's (1953a) classiiicatn i liui •
I recent auth I e 1 aubenfels, 1988;

Gadek & Quinn, 1985, 1988) haw questioned whether Li's subfamilies are

natural groups, and additional morphological and macromolecular compari-

sons w ill bt in i
.'" I! ; io re ;ob i tin n pl^ log' m ti< i latioi hip

h< him. t; odiaceous genera ( ih ' iadopin cIim d) comprise only

about 12 or 13 species and represent remnants of a group that was larger and

more widespread in the Mesozoii and r/ertiar) (Florin, 1963; Miller, 1977,

1988). Many of the extant genera h d widei geographa disl buli< is in I In

past js is m In itul In ll I'd il i < < I nd ; i I <« back 1o I n

ceous. One genus ithi rtaxi I
Don no^ ndemic to Tasmania, five (Cryp-

tomeria D.Don ( bus I ndl Mctasequoia, and

Taiwama Hayata) to eastern Asia, and three (Sequoia, Sequoiadendron, and

Tcd odium) to North or Central America.

Classifications of the Taxodiaccae have tended to emphasize form and de-

vi lopnn nt oftlie braei i! i late o ie, but there are a

number of differences in the details of the treatments (sec Eckenwalder; Gaus-

scn, 1967; Hida, 1957, 1962; Janchen; Liu & Su; Pilger & Melchior; Vier-

happer), and a rigorous tribal or subfannli il treati so ms premature. Most

authors group Sequoia with Sequoiadendron and Taxodium with Glyptostrobus,

and recent researchers (Eckenwalder: Gaussen. 1967; Miller, 1988; Miller &
Crabtree) have emphasized the similarities of Athrotaxis • unninghamia and

Taiwania. Preliminary cladistii anal is of a broad i t of characters (Hart)

and immunological comparison of seed proteins (Price & Lowenstein; Price,

unpublished data) tend to supporl the groupings noted above, but place Ath-

roiaxi> in a men isolated position I In , nalyses differ primarily in the

placement of Mctasequoia and Cryptomeria relative to the other genera, as-

sociating Mctasequoia with the other winter-deciduous genera Glyptostrobus

and Taxodium (Hai i) i i with < wand eq > u rn / (Pric< S >wen

stein), and Cryptomeria with Taiwania and ( 'timiiny/iamia (Hart) or with Glyp-

tostrobus and Taxodium (Price X: Lowenstein).

Chromosome numbers are often very stable within families of conifers (Eh-

rendorfer; Khoshoo, 1961). in marked contrast to die situation in the angio-

spcrms. With the removal of Seiadopitvs to its own family, the genera of

Cupressaceacv/. arc apparently all characterized by a base number of x = ll. 5

" < mil ha < b u « hi m -d loi all p. i >i il i i i . h.n ecu
t

i. and

for species of 16 of the cupressaceou gen ra inc hiding all ten Northern Hemi-

sphere ones (see particularly Hair; Khoshoo, 1961; L.-C. Li; Mehra & Khoshoo;

Sax & Sax). The great majoi it\ of the species have the diploid number In =
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22. Two monotypic genera are polyploid' Se<p/oia vetupenirens (Lamb.) Endl.

is a hexaploid with In - 66. while i-'it::rova eupressoides (Molina) Johnston

has been reported by Hair to have In = 44. Triploid or tetraploid counts have

been obtained for forms (primarily cultivated) of several species ofJuniperus

and also for occasional variants of the otherwise diploid ( 'ryptomeria japonica

(L. f.) D. Don and Chamaecyparis pisifera (Sieb. & Zucc.) Endl. Karyotypic

comparisons of the taxodiaceous genera were reviewed by Schlarbaum & Tsu-

chiya ( 1 984), who noted some differences in arm lengths and ratios and presence

or position of secondary constm ii >u: « uimuiidianiia imi i'aiwania&xWa i .in

the other taxodiaceous genera in having more diversity in chromosome size

and a greater number of submetacentric (vs. metacentric) chromosomes, in

agreement with the relationship between these genera indicated by their sim-

ilarity in cone-scale development (Hida, 1957; Liu & Su).

The Cupressaceae s.l. are unusual among the conifers in having archegonia

grouped tightly in complexes, usually with a well-defined jacket layer (Dogra,

1984; Liu & Su; Singh). The archcgonial complexes are usually located near

the micropyle, but are positioned along the sides of the gametophyte in at least

some of the Southern Hemisphere genera of Cupressaceae s.s. (Actinostwbus,

Callitris, and H'iddrinxtonia-sec Doyle & Brcnnan, 1972; Singh) and in Se-

quoia and Sequoiadendron (Liu & Su) and toward the chalazal end in Athrotaxis

(Brennan & Doyle). There are three sets of free-nuclear mitoses in the proem-

bryogeny of most g n i >ui th number i i in ci to I o in Athrotaxis and

Callitris (and probabb \ciinostiohu.s and I uldriii^fouia) Wall formation ac-

companies the fust in n< in 'i -. > in in Sequoia en unusual feature among
I he coni lets (Singh). Cleavage polyembryony of various types occurs as a regular

part of developmeni in mosl ;enera * I thi i upn . iceai s.l. except for Ath-

rotaxis, Thuja, and Thujopsis, in which it occurs only sporadically (Dogra,

1984; Doyle & Brcnnan, 1971, 1972).

The Cupressaceae arc wind pollinated, as arc the other conifers, and have a

I .. i >
i ,, i

. illon capture, which is seen in most other

gymnosperms and is i udenth iL prinuioe stall among the conifers (see

Doyle, 1945; Singh) >i •
il »i ih. e< <! i , u ,n ub in unid or gravity, except

in Juniperus. where the flesh) cones an eaten by birds or mammals, and
I'tixodium, where the thickened seed eon mo aid in distribution by water

(Fowells).

Many taxodiaceous and cupressaceous ;
• m a h; i been shown to have

vesicular-arbuscular mycorrhizae and to lack root nodules, while Sciadopitys

is more similar to the Podocarpaceac and Araucariaceae in having root nodules

(i i.an K Valder)

hemical studii ; havi been < onducted on wood and leaves of many of the

genera of Cupressaceae s.l withgi mpl is on the Northern Hemisphere
and Australian groups (see reviews in H. Erdtman & Norin; Hegnauer, 1962,

1986). Biflavonoid < < mpo ;iti >n has been ; iudi« d m ' ii mall) all of the genera

worldwide (Gadek&Oumn. 1^X1, 1985; Geiger & Quinn, 1975, 1982). Com-
pounds of the amentofiavone and hinokiflavone series are widespread among
gymnosperms generally and have been found in most genera of the family,

although the latter series is apparent!) absent in the Australian genera Callitris
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and Actinostrobus (Gadek & Quinn, 1983). The cupressuflavone series is of

more limited distribution, occurring in the Araucariaceae, one genus of the

Podocarpaceae (Lepidothamnus Phil.), and portions of the Cupressaceae s.s.

(Gadek & Quinn, 1985; Geiger & Quinn, 1982). Cupressuflavone is a major

(on,. t lLiu iii iilcuLi' ui»<\si' lump ins uid • htJih/ii n< a l< v

one in Platycladus S >n< h and indi . idual species of Chamaecyparis and Thuja

(but not others), all of these indigenous to the Northern Hemisphere. Taiwan-

iafiavone, an unusual biapigenin biflavoid found only in Taiwania, Calocedrus,

and Neocallitropsis Florin, is probably a convergent feature, since the three

genera are very dissimilar in morphology.

The cytotoxic lignans podopl loto in l/or desoxypodophyllotoxin, which

have been used in both traditional and modern medicine as antitumor agents,

are found in the leaves of a variel\ <>l i up) :n •
»«.•

. i ia. including Austro-

cedrus, Callitris, Caloccdi us, < hanuiccyparis, Juniperus, and Thujopsis (Cairnes

et al.\ H. Erdtman & Norin; Hegnauer, 1986). The related but noncytotoxic

compound savinin is present in the wood of several species of Juniperus and

also in Taiwania (H. Erdtman & Norm; Hegnauer, 1986).

Diverse terpene compounds are found in the wood, leaves, and other plant

parts of the Cupressaceae s.l. and arc responsible for much of the aromatic

nature of the plants. Most oft lv. monoter] n i ompounds in the Cupressaceae

sd. occur widely in other conifi rs whi i s :squiterpenes of the cedrane, thu-

jopsane, widdrane, and cuparane types are particularly characteristic of the

Northern Hemisphere genera < i upi icea s and also of Widdringtonia

(H. Erdtman & Norm). Several of these compounds have recently been reported

to occur in low concentration in the folia' .
-

. . . -omeria (Yatagai &
Sato), and detailed studies may find them to be more widely distributed among

the taxodiaceous genera.

Tropolones structurally tela led to the terpenes are important heartwood

components of several genera oftheCupi es -i t ie \ , particularly those of the

Northern Hemisphei fhese compound notable lor iheir lung idal acli in

are apparently absent from the other conifers (H. Erdtman & Norin; Hegnauer,

1986). Tropolones are characteristic of Calocedrus. Cunrcssus, Platycladus,

Tetraclinis, Thuja, Thujopsis, and most but not all species of Chamaecyparis

and Juniperus (H. Erdtman & Norin). They are found in Austrocedrus and the

related Papuacedrus bul an appan nil> ibs< )i in the other Southern Hemi-

sphere genera.

Alkaloids are relatively uncommon components in the conifers and in the

Cupressaceae sd. are well documented onl\ for
,

Ithroiaxis, all species of which

contain homoerythrinane compoui I (Hegnauei 1986,1988).

Many genera oi ( upussaieai W csp uall < i > m 'nunaecyparis, Cryp-

tomeria, Cupressus, Juniperus, Metasequoia, Platycladus, Sequoia, and Thuja,

are important as ornamental tree- irubs (1 I
"> liean; Dallimore &

Jackson; Ouden & Boom: Kriissn i nn) to and Sequoiadendron are among

the largest trees in ih< voild in«l .u < mi ( i ,
i taction in several national

and state parks in California. Wood of many genera of Cupressaceae s.l. is

resistant to insect and fungal attack and thus has been highly sought for uses

requiring durability. Wood of various species of Juniperus, Thuja, and Cha-
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'. N Ik. Meso/oie eoniiers. Bot. Res. 43: 217-280. 1977. [Cupressaceae,

. Current status of Paleo/oie and Meso/oie conifers. Rev. Palaeobot. Palynol.
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( )S2.
|
Pielnninarv ph\ frenetic comparisons of fossil and extant genera

I, l. nil < l I l
. Ill l II li.il ll i -,

|
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Somepalynologa ilobscn iiion oi 1 1 ,n ( upressaceae, and Araucariaceac.
/' ' Mi

-
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tionships between Comferae. Ibid. 11: 109-136. pi. 1, table 1. 1960a.

. On if.- line structure of th. cell walls ol oinc : \irmospcrm pollen. Biol. Jour.

Nara Women's Univ. 10: 19-25. 1960b.

Vierhapper.F. EntwurfeinesneucnS lemesdei onifcrcn Vbh Zool.-Bot. Ges. Wien
5(4): 1-56. 1910.

Von Rudloff. E. Volatile I. a I oil analysi: in 1 h \ ;t< m itii tudies of North Amer-
ican conifers. Biochem. Syst. Ecol. 2: 131 IP/. 1975. [Terpene composition of

several species of ( 'hamaccyparis, ,/iuupemy and /'/////</ compared.]
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General character l/d/imwi'm oidio^ums t\,,git ,io,\m,iu> i.iJtm'*

trees or shrubs; foliage leaves alternate (often appearing 2- ranked) and linear

to linear-lanceolate, or opposite to whorlcd and need/elike. owl-shaped, or scale-

like; pollen cones with spirally arranged. t>pi'osite, or whorlcd microsporophylls,

each sporophyll with 2 to 10 globose aha \iol nucrosporanyia; pollen nonsaccate,

lacking prothallial cells; ovulate cones suhglohose to ovoid or oblong; bracts and

ovulijerous scales. so / ;/\ i\,o n.ian << s, it , a i to mate or oblong,

alternate or opposition' whorlcd. hearing I fo(> /to ''0/ 'creel /or inverted] adaxial

ovules; archegontu clustered; seeds with 2 (or 3) lateral wings /or 1 nearly terminal

one] or wingless; cotyledons 2 to 6 (to 9); chromosome base number x

= 11.

A. Foliage leaves allcnuiL linear to linear- suluilah bra ichlcts u inter deciduous. ...

A. Foliage leaves opi-o-

1

1 or whorlcd inosth reduced trid .« alelike; branchlets ever-

B. Branchlets forming flattened sprays.

(
'. ( ime, globose; cone scales peltate 2. Chaniaecypans.

C. Cones ovoid or ellipsoid cone scale- not pelmt.

D. Branchlets flattened in horizontal plan. ds laterally winged; immature

cone scales only shrink llesln. . . .
.V Hwia

D. Branchlets flattened in vertical plain seed ^ i ml. ,s immature cone scales

very fleshy Platycladus. 6

B. Branchlets not forming flattened sprays.

E. Cone scales less than 1 cm long, lied,- in d mmn dehiscent, berrylike

structures T .luiupfrus.

F Cone scales more than 1 cm long, woody at maturity with e\ idem borders,

eparaling to re I eeds ... . 5. Calhtns.

1. Taxodiui n Richard. Ann. Mus. Hist. Nat. Paris 16:

young, the i

;ciduous [to evergreen] trees, pyramidal to

Drown often broad in older individuals; ti

conical when

base, often buttressed. Bark light- to reddish-brown, fibrous, ridged, often

peeling in strips. Roots horizontal, often with cone-shaped "knees" projecting

from water. Branches erect oi pn ding branchlets dimorphic, those near the

apex of the shoot pi rsisti ri1 and with promini tit axillary buds, those lower on

the shoot without evident axil! i\ buds ind deciduous; winter buds globose,

I In nil h a lit), n i i t ol H whorl I < i spti ill n nged (dull
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leaves spirally arranged, either 2-ranked by twisting of leaf bases, thin and
linear-lanceolate, or 5- to 8-rankcd, linear-subulate and keeled, closely ap-

pressed to the branches (the 2 leaf forms on the same or different trees). Pollen

cones small, ovoid, in long, drooping racemes or panicles terminating the

previous year's shoots; microsporophylls 6 to 10 [to 15], broadly ovate to

peltate; microsporangia (2 to) 4 to 9 (or 10), globose, pendulous, in 2 rows at

base of the abaxiai idi o tl ni rosporophyll; pollen with evident papilla.

Ovulate cones terminal on short, scaly branchlets near ends of previous year's

branchlets, maturing in 1 year immature bract-scale complexes spirally im-

bricate, each with (1 or) 2 (or 3) erect, bottle-shaped ovules; mature ovulate

com • 'ni) lol os< k, sonic licit < « ni < one I . ' in i
... « d p. liutc 4-m< i

with mucronulate li!u!>o resin esicles with blood-red resin prominent on
interior portions of cone scale. Seeds usually 2 on the adaxial side of each cone

scale, erect, attached laterally to the stalk of the scale by a large, pale hilum;

seed coat thick, woody, lustrous, with 3 small, unequal corky wings; cotyledons

3 to 9. Chromosome number In = 22. Type species: Ta.xodium distichum (L.)

Rich. (Name from Greek, in allusion to the yewlike leaves of the type species.)—

Bald cypress, swamp cypress.

A genus of two ck" i l

i relai d species oi i- diaps a single polymorphic one,

native to swampy and riverine areas of the southeastern and central United
States and from extreme southern Texas south through much of Mexico to

Guatemala. The genus \ a: w idi ipread in Europe and western North America
in the Tertiary, becoming extinct in these areas with climatic deterioration in

the Pliocene (Florin, 1963).

There has been considerable disagreement concerning the number of species

to recognize within Taxodium. Britton (1926), Dallimore & Jackson, and Reh-
der(1940) each recognized three species (

' distu hi m Rii h. (bald cypress), 7.

Lisct'iidcns Brongn (pond < pee ) and '• • cronatum I n. (Tule tree, Mon-
tezuma cypress), although substantial ink rgradation has been reported, par-

ticularly between pond and bald cypresses.

Watson (1983, 1985), after reviewing morphological, anatomical, biochem-
u,A ind i UoIoim - ! .1 la con< In U I iii u ih. diii. i i < 1 i < . i ih pon I ai i

bald cypresses are minor, showing considerable overlap and being subject to

environmental modification. Watson thus suggested varietal status (as var.

imhricarium (Nutt.) ( 'room) for the pond cypress, and this treatment is adopted

Montezuma cypress is somewhat more distinct in morphology and ecology

and is allopatric in distribution (reaching extreme southern Texas from Mexico
and Guatemala) and i« ihu ; u: uall\ in iied is the separate species Taxodium
mucronatum, although it may be more appropriately treated as a third variety,

T. distichum var. m xicanum{ n )< trdon I differs in being semievergreen,

retaining its annual leafy shoots until after the new shoots have leafed out in

winter or spring, and being considerably less cold hardy in cultivation than the

other taxa. It has m dm bd n reported to have larger, more glaucous

ovulate cones (Henry & Mclntyre) and longer pollen-cone-bearing branches,

but more thorough sampling indicates considerable overlap for these features
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1

(Brown, 1984; Little, 1980; Martinez, 1963). The smaller branches tend to be

more drooping in the Monte/uma express, and knees are only occasionally

present (Martinez. 1950. 1963). Kaieser (1953) reported that the horizontal

walls of the rax part, ik4iv ma cells are thinner in I he Mexican la. \oi Ink [hen

is little difference in the wood naimm ot tin b hi nn i pom
I expresses. Isozyme

electrophoresis of population samples would be xerx useful in assessing the

d.'j'iee of genetic differentiation of Montezuma cypress from the other taxa.

iaxodutm ,/i\i!rliiiin \ar. ,Ii\nrhuni. bald express, swamp express, In = 22,

is a large tree (to 50 m) with the trunk angular at the base and the leaves two-

ranked on the annual branchlets. The bark is nsualh thin and smooth, and the

knees are usually slender. Taxodium disiichum var. disiichum is native on the

Coastal Plain from southern Delaware to Florida, west to the valley of the

Devil River in Texas, and north ward m the Mississippi Embayment through

Louisiana and Arkansas to southeast rn Ji < nri and Tennessee, western and

northwestern Kentucky, southern Illinois, and southwestern Indiana. The species

occurs in riverine swamps that are usually inundated for several months of the

.1 in i in > iimal, I , n 1 ml li il-nal m.l t i >i pi. ha in
(

i i.

barrens. It attains its largest size in the (iulf and south Atlantic coastal areas,

where it tends to form pure stands in the great river swamps. The species

commonly occurs with water tupelo or tupelo (Nyssa aquatica L., N. sylvatica

Marsh.) and also grows in drier habitats with red maple, water ash, and sweet

gum.

Taxodium distichum var. imhricarium (Nutl.) ('room ('/'. asccnclens Brongn..

/'. imhricarium (Nutt.) Harper. /'. disiuhium \ar. muaiis aucl., non (Aiton)

Sweet), pond cypress, 2n = 22, is a smaller tree (to ca. 25 m in height) that

occurs on the Atlantic and Gulf Coastal plains from southeastern Virginia to

southeastern Louisiana. Its trunk has rounded ridges, and its appresscd, subu-

late leaves are ca. 5-12 mmlong on both annual and perennial branchlets. The

bark tends to be thicker and more strongl) furrowed than in var. distichum,

and the knees, if present, are short and rounded.

Watson ( 1983) summarized the ecological differences between the bald and

pond cypresses. Pond express lends to -row in pine-barren ponds, often un-

Addilionally, the habitat of the pond cypress has a decreased water flow and

is more prone to drought and tire; the pH is lower, and nutrients are less

available. Neufeld m< - u n 1° )h \.- it ..lih i i he pond cypress is

a recent derivative of the bald express that evolved in response to harshening

environments along t he* <>a lal Plain wiihtli mallei closely appresscd leaves

helping to reduce water loss.

Taxodium has often been considered to be closely related to the East Asian

genus Glyptoslrohus, which is similar in its habitat, possession of knees, pattern

of cone-scale development, rehuixeb large number of cotyledons (averaging

ca. 5 or 6), and winter-deciduous branchlets (Bnlton, 1 926; Henry & Mclntyrc;

Hida, 1957; Pilger & Melchior). Mctascquoia is also similar to Taxodium in

being winter deciduous and hax ing the pollen cones in a racemose arrangement.

and it groups with / \o uul >/i s •/>// in I in prelim man clad is in

analyses. In contrast, immiuiohuacal compai isons of seed proteins by Price &
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Lowenstein indicate ilia I i'uxodium is mosi ;iniilai to < 'vptostrobus and Cryp-

tomeria and that \Av< 4 quoit • mo i

i till i i< k\j>t 10 nd ' wb //,

Taxodium is a \ci Inim! m ddwnn (nnnt i i ill hi i

i i« u

members of the family in a number of vegetative and reproductive characters.

The knees of Glyptostrobus are curved ami i t ni rat hi i rian conical and erect

as in Taxodium (Hem; 's Mclntvn ! h< ..I h i pi n nm ii branchlets of Glyp-

tostrobus beat scaf h i i
- ih i n mi n i u i tal \ears and have

rows of white stomatal dots on thi urface whi i is thi i of Taxodium bear

elongate linear-subulate leaves thai become brown and corky in the second

urni ['he i on -s old >h r>io rob, n pvril rm nd I on ih i i im hl<

have scales thai an i Iohl I mil ii malum ind lack prominent

resin pockets, and hav* th< I i< ind con s< il mil d I I he base but free at

the tip. The body of the ed i mall ind < »void, bearing a single long, nearly

i il win In eon! ra si il itm com oi '
, \< • ', m are globose to el-

Im oid , I
( ,i ,i, I it , il|\ < u ili t

| ( )[ ! i in hli i ;.iml h L'i'i Hal f

with the edges meeting but not overlapping I In : ed Snub i !.»«• .i ,

thicker walled, and threi -angled > itb onl imall, corky wings in the angles.

Metasequoia differs from Taxodium in a number of features, notably in its

smaller, more flattened com suiks n m in i iliu i m m spirally arranged

leaves and cone scales, and its strongly compressed seeds that are more than

two (usually five to eight) pei si ik i ich ih i iaiei \ings and only two

cotyledons (Florin, 1952; Stebbins).

Taxodium <f - lops tin unnsi in mi .po i to il- od r. •

swells, buttresses, and knees. The term "bu I (swell refers to the enlarged basal

portion of the trunk, while bul n l< tij itu inal rid es on the buttswell.

in exposure of the areas to air or water during the early part of the growing

e I'on w nh iln hi Li' 1 1 1 nl in ' ml i ,< iwuimi' m - oin |»onb lo lis ,,i cm

depth of flooding V ordi emarei buttre; development results

from the simultaneous presence of water and air, while individuals grown under

permanently flooded mdition i ell Irained t il . not subject to flooding

fail to develop buttswells or buttresses.

The well-known "cypi re usual! mergent cone-shaped struc-

tures produced as exten on il i i ind m i I
il as 3-4 m (Brown,

1984). They may arise as small .-., linn mi iln -mi" ' mrfaees of shallow-

cm. . liiiiiom- i >«m (Shall i 'Ahnimd)m m b a med from shallow roots

growing upward and then bending sharph down ird with the geniculate point

becomingthe "knee" (Brown & Mom
)

inousfun ion have been attributed

to the knees. One suggestion ha . as pneumatophores ("breath-

ing organs") that funnel oxygen into the root system (Dickeson & Brown;

Mattoon; Shaler). Mot recent < perim m have shown, however, that little if

any gas exchange occurs (Kramei .
' al ) and that no aomata, lenticels, or

conducting tissues are found on the surface of the knees (Brown, 1984). Other

possible functions includ* tli stora; i h. which accumulates there in

significant amounts (j>i own ' Mont/) md Labi ii f tin plant du

severe storms (Lamborn, 1890a). Removal of the knees appears to have little

adverse affect on the trees, at least over the short term (Mattoon).
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Despite considerable variation in the extent of buttressing, buttswells, and

knees, some authors have attempted to usi tl leatm to distinguish bald

cypress from pond cypi is
" itson (1983) pointed out that their magnitude

appears to be ecophenicalb determined sum' ihey generally do not develop if

the stem is not exposed to flooding; they arc thus of limited taxonomic utility.

Many bald-cypress trees reach considerabli ize and age. One in Louisiana

measured ca. 13 m in circumference and 7b. 7 m in height (Brown & Montz).

Some individuals of Montezuma cypress also attain great size and have multiple

stems at the base. At Santa Maria de Tule in Oaxaca, the famous "Tule tree"

is reported to ha\e die laiu duimctct o! am li e (ca 12 m), although it

appears to represent three individuals that have grown together (Cronemiller;

Little, 1980). This tree has been estimated lo hi am/when from 1000 to WOO
i old (Kriissmann).

The wood of Ta.\ mm\ km n oi n iurabibo ii contact with soil and

severe weather. The henrtwood is so durable that it has been called "the wood
eternal" and has been ii m u-i I ivp ofb< y construction. The Seminole

Indians in Florida havi lis I the wood in construction and for fenceposts,

stockades, and dugout canoes. More recently, it has been valued for interior

woodwork, cooperage, fence posts and railroad ties (Little, 1980). The wood
of pond cypress is pnrpoi tedb iiea\ ier and stronger than that of var. distichum

(Harper, 1902). Wood production from /'.. distichum peaked at more than one

billion board feet in 1913 but has subsequently declined substantially because

of heavy cutting (Mattoon; Sternitzke). In recent years second-growth bald

, press has again built m m hundan in tin oiutiea ei n United States.

The resin of Taxodium mexu anum h is be< n us d in Mexico as a cure for

wounds, ulcers, and i . nha< ties ( lenry & Mclntyre).

Taxodium is of som I ri i In i 1 n
(

. n\ n< u i i tern United States

and Europe and is frequ nth planted along watercourses and farms as a wind-

break in China. ( ulti trsofj n h as Massachusetts,

New York, and Mi :hig in and grou besl in deep, sandy loam with plentiful

moisture and good drainage (Fowells).

Under family references sec ArviN & Boulter; L. H. Bailey; Bean; Britton, 1908,

1926; Chaney, 1951; Coker c\ imikn; Daimmuki A; i \< kson; G. Erdtman; H.
Frdtman & Norin; Florin. 1931. 1952. 1963; Fowrrrs: Gaossen. 1967; Hardin;
Hart; Hegnauer. 1962, 1986; Henry & McIntyri; Hida, 1457; Knosnoo, 1961;

Krussmann; Little, 1971, 1979, l ')S0; Lm ^ Su; MartInez, 1 963; Mehra& Khoshoo;
Miller, 1977; Peir.t 1936; Pun i m-s; Piloer; Pilger& Melchior; Price & Lowenstein;
Ri er 1)10. 1949; Sargent. 1X96. 1926: Sw & Sa\; Schi \rbaum. Johnson &
Tslchiya; Small; Sri isbins: I i \o, 1960b; and Wodehouse.

Beaven, G. F., & H. J. Oosting. Pocomoke Swamp: a study of a cypress swamp on

the eastern shon ol Maryland Bull rorrej Bol I lub 66: $67-389. 1939.

Bernard, J. M. The stains of /\i.\tk/inin Jisiwhum. ({..) Richard (bald cypress) in New
Jersey. Bull. Torrey Bot. Club 92: 305-307. 1965. [Extant stands not native.]

Blanck, C. E. An ecological stiub of bah.i<:\ press ( l\<\(>tiiiun ilisiichum (L) Richard)
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in eastern North Carolina. 180 pp. Unpubl. Master's thesis, East Carolina University.

Greenville, North Carolina. 1980.*

Bowers,L.J. Treeumthi nu m ol hald v pi. no m [i ming flooding regimes

in Barataria Basin, Louisiana. 175 pp. Unpubl. Ph.D. dissertation, Louisiana State

University, Baton Rouge, Louisiana. 1981.*

Brongniart, A. Note sur quelques coniferes de la tribu des Cupressinees. Ann. Sci.

Nat. Bot. I. 30: 176-191. 1833. [Pond and bald cypresses distinguished.]

Brown, C. A. Cypress- the tree uniqu ih wnl eternal. Jour. New York Bot. Gard.

1:36-39. 1951.

. Morphology and bioloi>\ in.Miie (ne, Fp 16-24 in K. C. Ewel & H. T.

Odum, eds., Cypress swamps. 1984.
[

T. distichum.]

& G. N. Montz. Baldcypres; . the Iree unique, the wood eternal, xvi + 139 pp.

frontisp., 179 black & while, y color iihoto'craphs. Baton Rouge, Louisiana. 1986.

[ReMewed b\W -: 1 - i'
*

<
i "• > 'iuI'M -

!' ' ' " '' ' ' ' '
(I il I'll i Ko\ \ Lake, Posey County,

Indiana. Am. Midi. Nat. 16: 72-82. 1934.

Clevi n S . rhecau ol ypr< knei \m Nat. 24: 581. 1890.

Coker, W. C. On the gametophytes and embryo of Taxodium. Bot. Gaz. 36: 1-27,

114-140./;/.?. 1-11. 1903. [/'. distichum.]

. The bald cypres: foui I lisha Mitchell Sci Soc. 46: 86-88. pi. 7. 1930. [An

. ir melv largt trei ironiSeini.no]! ' - londa. illustrated.]

Coulter, S. Histolog th< leal /I ncl II i. G 14:76-8 1 101-

107./;/. //. 1889.

Cronemiller, F. P. El sabino, the national trei oi Mexico. Jour. Forestry 55: 461, 462.

1957. [7. mucronatum]
Cross, G. L. A note on the morphology of tlu 'I

i duou hool I Taxodiun dish < ,

L'i II Ioitcn ol ' h b 66 Id 17 19 ,«>,,

. The structure and development of the apical meristem in the shoots of Taxodium
distichum. Ibid. 431-452. 1939b.

.
I \ loi u nt ol (he foliage lea i

;
i,i i l Am. Jou 2

471-482. 1940.

Demaree, D. Submergi
' Hum Ecology 13: 258-262. 1932.

[Seeds and seedlings of T. dist'u hum do not survive extended submergence.]

Denuyl, D. Some observations on bald cypress in Indiana. Ecology 42: 841-843. 1961.

Ewel, K. C, & H. T. Odum, eds. Cypress swamps, xviii + 472 pp. Gainesville, Florida.

1984. [Ecology of T. distichum swamps.]

Faulkner, S. P. Genetic \ iri Lion of com < I nd nui n grown seedlings of

I, -1i ypn (7V/.\ >dium '/ hum ( ) leh.) provenance 'npuhl " last< i
< i

Lomsi mi Si Hi no i r\o i',u hi Kouge 1982.*

Geiger, H., & W. de Groot-Pfleiderer. Die Biflavone von taxodium distichum.

Phytochemistry 12: 465. 466. 1973.

Gourlav V. P he Mexican swamp e\pn CI i > , >.tu i P no ) <

Jour. Forestry 34: 53-61. 1940.

Hall, G. W., G. M. Diggs, Jr., D. E. Soltis, & P. Soltis. Genetic uniformity of El

Arbol del Tule (The Tule Tree). Madrono 37: 1-5. 1990. [Electrophoretic analysis

of enzymes of leaf material from each of 8 major segments and of 2 nearby trees.

"The results are consistent with thi hypothi . that the Tule Tree is one genetic

II 'IH W \ dl I I 'il ! I I II I I 1 ( I I il

f nioi', inilii ii« mji iii« ii Hi i! il. hi Mull Iohim I loi tint I** i,;.-*' u
) l

l )()'

. Further observations on Taxodium. Ibid. 32: 105-115. 1905.

Harshberger, J. W. The Mi i pres: t Leaves 11: 24 1907.

Kaieser, M. Morphology and LiiihiM m i^ ol di, ImUUnpkss I a\odium dtsiu hum
(L.) Rich. Unpubl. Ph.D. dissertation 1 niversit] oi I lim i i

I hampaign-Urbana.

1940.*
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,
] ii !• ...u v Ji.j.nK m i i ilu |i,mil i \ in. (l\t.\ih . lascendensBrongn.). Trans.

Illinois Acad. Sci. 42: 63-67. 1949.

. Microstruciurc ol the ftnuu of the i h i ec species ol / ,!.\, •dium. Bull. Torrey Bot.

Club 80: 41 5-4 IS. I

l >53 |Bald unl pond r\ presses iol ,, p u ihle on the basis of

wood anaionn. while Monie/uma express lias thinner horizontal walls on its ray-

parenchyma cells.]

Kramer, P. J., W. S. Rii.f.y, & T. T. Bannisi er. ( ias exchange ol'cyprcss knees. Ecology

33: 117-121. 1952. [Little evidence foi ga exchangi between roots and knees.]

Kurz, H.. & D. Demaki r. ( •. pi mim m I
'

i i I iiion to water and air.

Ecology 15: 36-41. 1934.'

& K. A. Wagner. The role of ad \ en! us ioois in ,ur\ ival of cypress. (Abstract.)

Jour. Tennessee Acad. Sci. 27: 201. 1952.

& . Factors in e\piess dome de\ elnpmenl. Ecology 34: 157-164. 1953.

|( vpress domes are lormed m depressions b\ die contlucnt tops of crowded '/'.

disiichum lives, wdli the shorter trees al the outer and drier edges apparently pruned

by lire.]

Lamborn, R H I In kins ol tlh bald i i»e no i heoi \ oil heir lunclion Garden

Forest 3: 21. 22 F.'M,
|

i""< help to anehoi tin tree agairea toppling in siurm
|

. I he knees ol l\i\odiui)i disiichum. Am. Nat. 24: U3- 340. pi 12. 1890b.

Langdon, O. G. Silvical characteristics of baldcypress. U. S. Dcp. Agr. Forest Scrv.

Southeast. Exper. Sia. Pap. 94. 7 pp. 1 jig. 1958.

Martinez, M. El almehuete (

/
',/ \ndium nnuroihiuim Ten.). Anal. Inst. Biol. Mexico

21:25-82. 1950.

Montz, G. N., & A. ( 'herubini. An ecological stud\ of a baldcvpress swamp in St.

Charles Parish 1 ouisiana. ( astanea 38: 378 386. 1973.

Neufeld. H. S. Ecophysiological implications of tree architecture for two cypress taxa.

/.,'"'
i i I i ii and / w I i out n 1 nil foire\ Bot Club

113: 118-124. 1986.

Rao. A. R.. & J. P. Tewari. On the foliar scleieids o\" t a\rdn:>>i disiichum Rich. Proc.

Natl. Inst. Sci. India 27: 41-45. 1961.*

Shaler, N. S. Notes on I'uxndiuni di.sticlium, or bald cypress. Mem. Mus. Zool. Harvard

Sharma, G. K... & L. Madsen. Variation in bald e\ press from dilferenl habitats. Jour.

Tennessee Acad. Sci. 53: 115, 116. 1978.

Slavin, A. D. Our deciduous conifers. Am. Hon. 12: 48-53. 1933. [7". disiichum:

euvlli in ohoioi i mil oi \ u - im , o >

]

Small, J. K. A botanical expedition to the Big (
'\ press. Nat. Hist. 20: 488-500. 1920.

. The cypress, southern remnant of a northern fossil type. Jour. New York Bot.

Stahle, D. W., M. K. Ci.eaveland, & J. G. Hehr. North Carolina climate changes
iceon mi. I. d in m in < run 1

'
1 to F>! |B;ised on li\ mi' nei of i disfi, , in

up to 1700 years old.]

Sternitzke, H. S. Bald cypres endangered or i xpanding species. Econ. Bot. 26: 130—

134. 1972.

Tomlinson, P. B. The biology of trees name to tropical Florida, ix + 480 pp. Allston,

Massachusetts. 1980. [Taxodium, 68-73; excellent lllustmti >ns ot / disiuium

Differences between /'. disiichum and 7". useendens "are maintained in cultivated

1
1
res grown side by side."]

Vasil. V.. & R. K. Saiim. Moiphologx and rmhr\ olog\ o\ i,L\<>dium mucronalum
Tenore. Phytomorphologj 14: 369-384. 1964.

Vernon, R. O. Cypress domes. Science 105: 97-99. 1947.

Watson, F. D. A tavonomie siud\ ol pondes press and baldc\ press. 214 pp. Unpubl.
Ph.D. dissertation. North Carolina State University. Raleigh. 1983.

I In iiomenclatun of pondc\ press and halde\ ni es- ( 1 asodiaccac). I axon 34:
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. Elish.-i Mitchell Sci.

2. Chamaecyparis Spach, Hist. Nat. Veg. Phan. 11: 329. 1841.

[\ mini 1 mono < iousi < mie< n In « . m l\ limb ) nli m>'i Imj I. urn >

shoots and a slendei pikelil crown 1 m thickened trunk. Branchlets slen-

der, flattened (gradually becoming terete in later years if not shed), distichous

and forming horizontal sprays Bark reddish [to i ish jbro n im ul ii

ridged, often peeling in strips or scales Wood soft [oi lanjj whitish to pinki '

[to yellowish], aroma in [ornoi aromalici L< ivc: mtin iromatic when crushed;

juvenile leaves whorled, linear-lanceolate, acuminate; adult leaves decussate,

scalelike, dimorph ii ih< facial] iii ilad n d o\ ate to rhombic, acuminate to

obtuse, with a central land
|

lai li 1 th lateral pair rounded or strongly

keeled. Cones borne terminal!) on lateral branchlets, opening in early spring

frombudsformedtl" om moii' n id,
i >d i! << ^,

, s borne on separate

branches. Pollen cones o\oid m ol lonu. uiudi.mgular; microsporophylls ca. 8

to 12 (to 20). decussate; microsporangia 2 to 4 (to 6); pollen microverrucate,

with obscure germinal aperture. ()\ ulate cones globose [to ellipsoid], maturing

in 1 year [2 in C. nootkatensis], bearing 4 to 8 [rarely to 16] decussate, peltate

scales; ovules bottle shaped, erect. [1 or] 2 [to 8] per scale. Maturing cones

more or less erect, glaucous, ultimately red-brown. Seeds 1 or 2 [rarely to 8]

per scale, ovate, with 2 broad lateral wings: col> ledons 2. Chromosome number

In = 22. Lectotype species: i'hanuurypuris rhyoides (L.) BSP.; see Britton,

N. Am. Trees, 102. 1908. (Greek nan roi '< mm on the ground, and

kyparissos, cypress, alluding to the affinity of the genus to Cuprcssus, true

cypress.) —False cypress, cypress.

\ genus ofsi> peeics in [ orlh viueiica uid . isteni \sia. Three speucs are

native to eastern Asia and three (Chanunrypuris ihyonlcs (L.) BSP.. C. noot-

katensis (D. Don) Spach. and C. iMnsoniaua (A. Murray) Pari.), to North

America, with the latter two restricted to the Pacific Coast region. The Asian

species are C.fonnoscnsis Matsum. in Taiwan, C. obtusa (Sieb. & Zucc.) Endl.

in Japan and Taiwan, and ('. pi.sifrru (Sieb. ,v Zucc.) I ndl. in Japan.

( hunuu\ vparis i< g< u i lib thought to be closely related to the widespread

Northern Hemisphere genus Cupressus L., which also has globose cones with

peltate scales, and has sometimes been treated as a subgenus or section of the

lallei um i iil<. uili.uinp .aller o\ ulate cones (ca. 6-15 vs. ca. 15-40

mmin diameter), more heavih flatten -d hi un hlcts. entire (vs. minutely ciliate)

foliage leaves, and a hort rrc] iucti el (u uali <• • \s two years until

o\ ula.ie-eone maturation) . jii.u1>- led species native to China has some-

times been treated as ( 'hdntdccvpdris jwwhns (Fndi.) Franco hut il billa o-
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showing lateral andFigure 1. Chamaecyparis. a-n, C. thyoides:

i.u i. ii I- i !. .In ,il ..I h ii ili up uuli iw i

x 12; c, microsporopli II wiih iv.o \\ i i ( ib il view) 2.v, d microsporophyll

(adaxial view), showm- 'I litsced .porangia 25; e, two ovulate cones at time of pol-

lination, x 12; f, cone from "e." seen from alxne to show arrangement of cone scales

and orthotropous ovules, x 12; g, one of lowermost pair of cone scales (adaxial view),

showing two ovules ;il lime of poll i nation. I .'; h one of uppermost pair of cone scales

(adaxial view) at lime of pollination. ^ 12: i. young ovulate cone after pollination, the

scales beginning to thicken and elose (v j, niaimv, unopened ovulate cone, showing

on cone scale nearest viewer. - v 1. winged seed, with micropyle facing upward, x 6;

m, diagrammatic longitudinal seetion of mature seed, with embryo unshaded, gameto-

phytic storage tissue dolled, seed coal hatched. - ll); u. embryo dissected from seed,

showing two cotyledons, x 10.
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noid pattern supports its original placement in Cupressus (Gadek & Quinn,

1987).

Chamaecyparis nootkatensis is unusual in the genus in having less-flattened

branchlcts and a longer reproductive cycle; it is also divergent in its biflavonoid

profile and tropolone composition (H. Erdtman & Norin; Gadek & Quinn,

1985). This species also is notable for producing intergeneric hybrids with

Cupressus in cx\\\\\ lioi in< i Ciq i ris / cvlandii (Jack-

son & Dallim.) Dallim. = Chunuu\ vparis nootkatensis Cupressus macro-

carpa Gordon) apparently originated in England from spontaneous crosses in

both directions (Osborn).Moiv ntl i Isbetween Chamaecyparis noot

-

kalends and ' m>,( ,tr, <Jabni Smh in- - liritaiiiai Milloi t't><< i^iK

have also been reported from cultivated plants in England (Mitchell).

Our sole species. Chamaeeypahs throttles (including C Henryae H. L. Li,

C thyoides var. Henryae (H. L. Li) Little), Atlantic white cedar, white cedar,

swamp cedar, "juni oc< rs in swamps and wet woods near the Atlantic

and Gulf coasts from southern Maine to northern Florida and westward to

southeastern Mississippi. In the northern part of its range, it often occurs in

pure stands, while in the south it frequently grows with bald cypress. It can be

distinguished by its adult leaves ha1 in usi IK glandular and not conspicu-

ously whitened below, and by its branchli ts that are irregularly arranged rather

than held in the horizontal pi in< in segregating the southern populations of

the species (from Florida through Mississippi) as C. Henryae, H. L. Li cited a

number of morphological differences (e.g., smoother bark with twisting ridges,

lighter-colored microsporophylls, and less-glaucous ovulate cones), but the

divergence between northern and southern populations is apparently clinal

rather than abrupt (Hardin; E. L. Little. 1966). Thus. E L. 1 ittle ( 1966) reduced

C Henryae to varietal status under C thyoides and later (1979) placed it in

Chromosome counts of In = 22 have been reported for four species of

Chamaecyparis (Khoshoo, 1961; Kuo el a!.: Sax & Sax); evidently no count

has ever been made for C. thyoides. Natural interspo iiic inbridization has not

been n ported, bill irtilu ial « ror I e bc< u t< m| led m si ral combin;

tions (Fukuhara; Yamamoto, 1981a, b). Meiotic irregularities have been re-

ported in hybrids between C. ohtusa and C. pisifera (Fukuhara), while a high

percentage of nonviable seedlings was obtained in crosses of C Lawsomana

and C. pisifera (Yamamoto, 1981a).

Among species ol ' hanuu\ vpa is ;ignil'u nt differences have been reported

in distributions of foliar terpenoids (Von Rudloff; Yatagai et al.) and heartwood

tropolones (H. Erdtman & Norin), but more comprehensive population studies

are needed. Chamaecyparis nootkatensis appears to be unique in the genus in

having the tropolone nootkatin and the biflavonoid cupressuflavone, which are

\m.I,- pn-ul in il. .mi > // h «w, (H Erdtman & Norin; Gadek & Quinn,

1985).

Most species of Chamaecyparis are utilized as ornamentals, with C. Law-

somana (Port Orford cedar), C pisifera (Sawara cypress), and C. obtusa (Hinoki

cypress) being of p ulai ini| on mo h k ki o > s lias i<
i gious jignifi

cance in Japan and was often planted outside Shinto temples and used for
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construction of tcmpli ml pal u cs (Wilson). The durable wood of the North

American species has been valued for construction of boats and houses and

lor cooperate and shmr-.les (Sargent. 18%. 1<)26), ( 'hamaeovpaiis ihyoidcs has

historically been an important limber tree in the eastern United States, but

large trees have been greatly depleted by logging (Jarvis; Tangley). Submerged

logs of the species are so resisiant to dcca> iliat they have been "mined" from

Under family references s<

H. Erdtman &. Norin; Fits

1987;Gaussen, 1968; Greguss, 1955. 1972: Hardin: Hart; Khoshoo, 1961; Kruss-

mann: Kuo ct ai, Lebreton; Little, 1971. 1979. 1980; Quoin & Boom: Owens &
Simpson: Rehder. 1940, 1949; Roi am: Saruini, 1K 1| 0. 1920; Sax & Sax; Small;

Hi no. 1960b: Von Rodioi f; Wilson; and Yatagai ct ai

\ ,di | si It Si|\u ll < tl.II Mi MSlH sol \| ' i d ii m ;, i I

U. S. Dep. Agr. Forest Ser\ . Alaska Forest Res. (enter Pap. 11. 10 pp. 1959.

Bannan. M. Abnormal xylem rays in Chaniaeevpans. Am. Jour. Bot. 37: 232-237.

1950. [Unusually wide rays in C. Lawsontana. C. nootkaiensis. and C". thyoides.]

[In micioseopu -.mil aruelurc ol \oi ill mmman p< \ Clhinun\ i pan -

Canad. Jour. Bot. 30: 170-187. 1952.

Beck, G. F. Two newh diseo\ered genera ('/'sipea and C'haiiiaeevpari.s) among the

coniferous woods ol" the Ternary. Northwest Sei. 18: 9, 10. 1944.*

Belling. A. J. Postglaeial migration of ( hanioe, \\iniro divon/es (L.) B.S.P. (southern

New i ork I uoorsio. Now \ oil.

Buchholz. J. T. I lu i mlu uigeio n| < - ., • Ll , ,
i -,,, ,

, , |V „
, \ m Jour. Bot. 19: 230-

Cheng, Y. S.. & E. Von Rudlolt. The volatile oil of the leaves of Chaniaeevparis

nootkatcnsis. Phytoehemistry 9: 2517-2527. 1970.

(in 1 in I o i i i pal i
mill i ii iii m pro ivilii o du Chcunueeyparis

LawsonUiiht V Murr (Cupmssaeea.N ( ai xologia 25: 223-232. 1973.

ELEUTERIUS. L. N.. lV S B lo is v ph losoeiolo ival Imi oi'wl - lar in Mississippi

("astanea 37: 07-74. 1

( )72. |Ineludi-s noies n\\ eeoloio. and m.us of C. thyoides.}

Fukuhara. N. Meiotii ob: n ition in the pollen mother cell of interspecific hybrid

between Chaniaeevparis ohtusa and (
'. pi.sijcra. Jour. Jap. Forestry Soc. 60: 437-

44 1. P>/8. |lnvgula mciotie pairm n the li\ tirid h.oih peeies have 2// - 22.]

<im. s \m n ii i M Keeherehes e\ lologiipies sur la i epioduction sexuee de ( 'haniaeevpans

I < ( mipi I ii i end. Si i 1 i _ I '
'

'

i
i

l m,

II ,i i nl H Mi ,i i ot ill ut< noid Nm mat i \ pen is Lawsom-

ana). II. S. Dep. Agr. Forest Serv. Silvieal Ser. 7. 1 I pp. 1958.*

38: 543. 544. 1945.

Im.i(sii\n. ('. F. Natural regenei ation oh southern white cedar. Ecology 5: 188-191.

. Southern white cedar

Li. H. L. A new species of

I h'nrvac ' ('. thyoides v;
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Li. S. .1. hi 1< n
\

I'odui i vi oi m >!"( cryparis. T;iiu;in 17 M ISM |<

Little. E. L.,Jr Vandal transfei in ( upi sand hainnccvpuns. Madrono 18: 16 1-

167. 1466. [C. tlmmlcs var. Henryae.]

Little, S. Silvical charaeteristi , ol ul nii< \ Inn cedai I > Dep. Agr. Forest Serv.

Northeast. Forest I.xpcr. Sta. Pap. 118. iii t 16 pp. 1959.

McDonald, C. B.. & A. N. Ash. Structure and ucce: a .nal trends of an Atlantic white

i i .1 ii
( / n n \ ', , h\ i,

) i in l 1
1 ii < on i oi i i i I i i \, i u i

ASH Bull 29: 71 1982 [Forms pure stands in swampy aieas of the ( arolm is and

\ugmia tlusi. i m to u I o
i / i kit undisturbed.]

Mitchell, A. F. A note on two hybrid cypresses. Jour. Roy. Hort. Soc. 95: 453, 454.

IV 70 [Spoil la n< ou hybrids icported in\ oh nig cult b led plant of /hiniticn •an\

iii'i>iImI/C)!si\, (7//>/vswo <;////>/'./, and ()p'ri'\\ii\ lusitcitlica.]

Neal. O. M.. Jr. The status til ( , t , ^ , ,/< u, Maine. Rhodora 42: 343,

344. 1940.

Osborn, A. An interesting hybrid conifer: Ciipir^ncvpuns Ltrhmdii. Jour. Roy. Hort.

Soc. 66: 54, 55. 1941. \('u/>ir\ui\ ifhicrncirpa < Chtunmryparis nnnikiiicnsis.]

Owens, J. N., & M. Moi.dek Com' initiation and development before dormancy in

yellow cedar (( // / / i' ( mi 'oin , oi 52 M s^(C4
l

l

'

&
. Pollination, female gametophyte, and embryo and seed development

,n ^ lloo uiLiI / i l / ' Ss
I h I

" I" ,

S
i Simeon l

. M Muii. i I In Dolliiinion no danism in \ellow express

{Chamaecypuris notnkatcnsis)A anad lorn lorcslR. 1(1 (r\ - I'd)

Tangley. L. Taking stock of whi i kn * d no f-io-i an M: 682-684. 1984.

Ward. D. B. South, i tern limit ol i m , . v ,n hyoid s l htodora 65: 359-363.

1963. [Local 1\ abundant in northwestern Morida. with distribution ending in Marion

Yamamoto. C. Xanlha seedlings from interspecific crosses between Chamaecypans
I.awsoiuaiiu and ( < > i n mail .ml. i ol lo I 1

1
I m\ i

(In Japanese; LmMsli suniiiiiin.l lour. Jap. Forestry Soc. 63: 64-67. 1981a.

. Possibilities ii mi iccilic h I ion belweei hanui vparis Lawsoniami

in I oim otliei Cliuniu i \ i In I
ip mi i n Ii h unim u )

-
; II

Zobel. D. B. Twig elongation pair m m '

.
i > ,i\ > i^waana Bot. Gaz. 144:

3. Thuja Linnaeus. Sp. PI. 2: 1002. 1753; (ion. PL ed. 5. 435. 1754.

Evergreen p] irnidal monoi nn n oi omctim hrubs; leading shoot

erect; trunk often lob d and buttn d on time I iding into 2 or more

upright secondare stems Hat k uddi Ii lm>\ u jm s> mshj. thin, fissured on

oldi i lie', Da lint in H ii
i p ii In in. 'n on hn \ > > 1

' Ml ml

with light brown [l<i dark hiu\vn| aiuin tin lie i w»\ I a, inches horizontal at

first, becoming ascendem branchlel slendet pendulous forming flattened,

frondlike, hon/ontal sprays i-radualh becormnj? lerele, the smaller leafy

branchlets deciduous after several seasons. Foliage fragrant; juvenile leaves in

spirally arranged u 1 1. >ils linen lunceolah acuminaf i i eading or reflexed,

u i tin d hi mull
f.

1 ml . i nn mum n i Inb hi in.il t 1 1

scalelike, closely imbricate (except on rapidly growing shoots), the facial leaves

ovate, acute tipped (to m iti lanceolate on rapidly growing shoots), with a

central gland [oi cy\ m lul u
|

iln Lth ml k a es iokh d <> ih I ntal an

keeled. Buds small n 1 cl hi< 1 n by tin I i < >m . minal and solitary,

appearing in early spring; pollen and ovulate cones usually produced on dif-
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1

fcrcnt branchlcls. Pollen cones nearly sessile, cylindrical or globose; microspo-

rophylls ca. 4 to 6 [lo 12], decussate, short stalked and more or less peltate,

each with 2 to 4 microsporangia; pollen with obscure germinal aperture. Ovu-

late cones maturing in 1 season, terminal on short lateral branchlets, ovoid or

oblong, with 8 to 12 imbricately arranged, oblong [to broadly ovate] scales,

the central 4 to 6 fertile and bearing 2 (sometimes to 4) erect, bottle-shaped

with a minute [or more promiiK-ni] , pin.- im- i, th< apt Seeds (1 or) 2 (or 3)

per scale, thin and flattened with i sin >h , m il (Inn .

membranaceous wings nearly encircling the whole seed, notched at the micro-

pylar end; cotyledons 2. Chromosome number In = 22. Lectotype species:

Thuja occitleniulis 1
..' (From the Greek name of a resin-bearing conifer.) —

Arborvitae, white cedar.

A genus of five species, two in North America and three in Asia. Thuja

plicata D. Don, west* rn red cedai is nativi to northwestern North America;

T. ocadenialis L. to the eastern deciduous (ores! irea / huja Slandishii (Gor-

don) Carr., T. koraiensis Nakai, and > mtchuensis Fi inchet are native to

portions of eastern Asia.

Thuja occidcntalis, irhorviiae. northern whit< cedai -.\ hi te cedar, swamp
cedar, In = 22, is found from Nova Scotia westward to southeastern and central

Manitoba, southward to the Great Lakes States and very locally south, barely

reaching our region in mountainous areas of North Carolina and Tennessee.

The species is common in the northern portion of its range, occurring over

great areas of swampy forest land, where it forms largely impenetrable forests,

as well as along rocky stream banks and drier limestone ridges, with best growth

on neutral to alkaline substrates (Fernald; Fowells; Sargent, 1926). At the

southern end of its distribution in western Virginia and Tennessee, arborvitae

is less abundant ocui onl huh i levatioi n n ilh on limestone or

dolomitic cliffs. A number of floras {Button, 1908: Coker & Totten; Little,

1980; Sargent, 1896, 1926) report the species from North Carolina, but there

are apparently no natural populations remaining in the state (Clebsch; Radford

eta!.).

I'huja accidental! lillei rom ih other North unerii n species (7 plicata)

in usually having four rather than six fertile scales in the ovulate cone; these

are also less prominent!} spine tipped. Thuja plicata is a larger tree, reaching

30-40(-70) (vs. 15-20(-25)) m in height, with more lustrous leaves that are

non pi oniint nth u h i< m d lx low

The generic relationships of Thuja haw not yet been determined with cer-

tainty. It has been suggested that il is most closel) related to the monotypic
-Him v i. in » mi- "// '/<v;w Sicb in i (H.iit) \ In li i- n ul, i m n

tropolone profile (II Erdtman & Norin) and embryogeny (Dogra, 1984) but

differs in having subglobose ovulate cones with three to five (vs. usually two)

seeds per scale and m< i pr< ding hatchet-shaped lateral leaves. Platycladus

orientalis (L.) Franco {Main <>rn main- (1 ) ldm.Il ''huja onenta/isL.) has often
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been treated in the genus Thuja and may also be closely related, but is distinct

from Thuja and Thujopsis in having fleshier immature cone scales, hard-coated,

unwinged seeds, regularly occurring cleavage polyembryony, and vertically

rather than horizontally oriented sprays of branchlets (Dallimore & Jackson;

Singh & Obcroi).

Chromosome counts of 2n = 22 have been reported for three of the five

species of Thuja (7 occidentalis, I plicatu ind i /< tndi dm) by Sax & Sax.

All of the chromosomes were more or less isobranchial in a cultivar of T.

Occident alis studied by Mehra & Khoshoo.

Several preliminary comparisons have been made of terpenoid profiles from

foliage of Thuja species (Banthorpe et al.; Von Rudloff, 1975; Yatagai et al).

Thuja Si audi dm r mm lih u n mi ; huthniah mil phcata in its

monoterpene profile, while Platycladus orienudis is apparently quite similar to

the latter two species based on the preliminary data of Banthorpe and col-

leagues. Thuja phcata shows very limited variation in leaf terpenoids and

isozymes (Copes; Von Rudloff & Lapp; Von Rudloff et al; Yeh) and apparently

went through a genetic bottleneck during Pleistocene glaciation, while T. oc-

u,/ci'hi/is ,. . i
is < '» i,!«,!« . n.ii-l. ,i ih, iso/\ me level (Walker).

Thuja occidentalis differs from three of the other species of the genus in

having cuprcssuflavone present in its leaves, in addition to biflavonoids of the

amentoflavone and hinokiflavone series (Gadek & Quinn, 1985).

The rate and pattern of root developrm n.1 in Thuja occidentalis were found

to vary in relation I
» ! warn] j ver; us ( al< ireous substrate (Habeck). An in-

creased rate of stem growth and greater wood strength were also found in plants

growing on relatively dry limestone substrates by Harlow.

hujt >ccu '.tali d olicata ai alu d for their light, durable wood,

which has been used for consti i
I make fern >osts, railroad ties,

and shingles. American Indian tribe ; havi us< d the thick sapwood layers of

both to make woven baskets and logs of T. plicata to make canoes and totem

poles. The bark is rich in tannin, and the leaf oil has been used medicinally.

Thuja occidentalis was one of the first North American trees cultivated in

Europe, having been planted in Paris by about 1536. It was named arborvitae

(tree of life) after tea brewed from the bark (which is rich in vitamin C) saved

the crew of the Frem h < ,p! >i i I e< net from scurvy (Little, 1980).

Several species of Thuja an « ulti i d e »rn u i< n il nd diverse cultivars

of 7 . occidentalis have been selected (Dallimore & Jackson; Krussmann).

Under family references see L. H. Bailey; Banthorpe et al.; Bean; Britton, 1908;

Coker & Totten; Dallimore & J u kson; Daguillon; Dogra, 1984; G. Erdtman; H.

Erdtman & Norin, Fi i ,<i Pi.or) I

l
> 1 I I "u Powells; Gadek & Quinn, 1 985;

Gaussen, 1968; Greguss, 1955. 19 \;B di [art; Hegnauer, 1962, 1986; Khoshoo,
1961; Krussmann; Little. 1971. 1 980; Mehra & Khoshoo; Owens& Simpson; Peirce;

Phillips; Radford et al; Rehder 1940 194 S rgent, 1896, 1926; Sax &Sax; Singh;

Singh & Oberoi; Von Rudloff, 1975; and Yatagai et al.

i early pollen source for
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L. Am. Jour. Bot 28 ! 163 I '
' 1 i |l 'n usual I \ wul ra\ i the sites of tmtia

lion of advcntilious roots.]

-. Wood structure in Thu;a mrulentahs. Hoi Ga/. 103: 295-309. 1941b.

. Ring width, trachcid si/c. and ra\ \olunu' m the wood of /'//»/</ occidentals L.

(anad. Jour. Hot. 32: 466-479. 1954.

f nil) mi i. a . in v inn cedai { Thuia " ''< / //>') stems of irrei ul i loi in '/>

35:425-434. 1957.

Caplenor, D., & H. Speir. Thuja ncadvmalis L. on the Eastern Highland Rim in

Tennessee. Jour. 'Iennessee Acad. Sei. SO: '4. 7x 19/s, [Distribution and ecology

of T. occidentalis in Tennessee.]

C'i.ebsch, E. E. ('. Was arbor n ilae ( Cham oo idculalis L.) native to North Carolina in

historic times" Am. Join lU.i 76 (Suppf): 157. 1989. [/. „< cidenlahs -apparently

presem in low numbers in the early 19()()"s but now extirpated.]

& G. L. Walker. Recent hseo n of ran tensiom ol vasculai plants

associated with disiunel a.rbor \itae ( I hum occidemalis I..) in the Southeast. (Ab-

strael.) ASH Hull. 33: 69. 19S6. [Name occutmnce of arborvUae in North Carolina

( <),>k !' ( A morphological compansoii of two species of thuja. Unpubl. Ph.D.

disserlalion. I dm. of Illinois, ( Jiampaigu-l d bana. 1939.*

Copes, D. L. Isoenzyme uniformit> m western red ccdai seedlings from Oregon and

Washington, (anad. lour, forest Res. 11: 451-453. 1981. [/'. plicata.]

1'inMAin M I I iihological faelor limiting ihi lama of Tunis luinksiana and Thuja

ccidcmalo Rhodora21: H-67 Did [/ m,,mm- s lais'.-h iestricted to basic

soils; m outKing, areas found on calcareous soils.]

Habeck, J. R. White cedar ecol>pcs m Wisconsin, Ecology 39: 457-463. 1958. [Local

ecounic dilleicntiaiion in root development in /. occidentalis linked to substrate

Handa, MR rhe life histoi of Ti < loui Surma Res Soc 16: 214—

Harlow. W. M. The effect of site on ihe siiucture and giowlli of white cedar, Thuja
I i oio \ S 453-470 pi. ". 1927. |Stem growth is faster and wood is

stronger and heavier in lines from lirnesionc outcrops than m those from wetland

Land, W. G. A morphological study of Thuja. Hot. Gaz. 34: 249-259. pis. 6-8. 1902.

[Embryology of T. occidentalis.]

Martin, P. C. A morphological comparison of Hioia and Thuja. Proc. Pennsylvania

Acad Sei 24:65-112 19MI [/'
( u cm (/'<

> • ml / i '

compared.]

Owens. .1. N.. & M. Moi her. Sexual reproduction in western red cedar ('Thuja plicata).

Canad. Jour. Bot. 58: 1376-1393. 1980.

Polheim, F. I hitju i au i i < in i iii 1 1 iploin i ui i dun Gymnospermen.
Biol. Rundsch. 6: 84-86. I 90S. [An unusual haplotd variant of /'. plicata.]

Vaartaja, O. Ecotypi i riation in ihotoperiodism of trees with special reference to

Cuius resmosa and Thuja occidentalis. (anad Jour. Hot. 40: 849-856. 1962. [7'.

occidentalis is unusual in having growth rate little a Heeled b\ day length.]

Von Rudloff, E. das liquid chromatograph\ oi' ihe terpencs. VI. The volatile oil of

Thuja plicata Donn. ITntocliemisirx (: 195-202. 1962.

& M. S. Lapp. Populalional \arialion in the leaf oil terpenc composition of

western red cedar. Thuja plicata (anad. Jour. Hot. 57: 476-479. 1979. [Very little

terpenc variation anion;.' populations.
|

.. A h ( .
Vim ( Jiemosxsiemaltc situh oi Thuia plicata: multivariate

analysis of leaf oil lerpenc composition. Biochcm. Svsl. licol 16: 119-125. 1988.
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[Discriminant analysis shows small differences between coastal and in

Walicer, G. L. Breeding systems and genetic variability in the populatioi

i* 10 n> lfl Unbsumul ikUioilumiM winabilm piesenl within

populations; both clonal and sexual reproduction occur within populal

& E. C. Clebsch. The ecology of northern while cedar, Thuja

its southern disjuncl rangi ( Abstract ) \SB Bull. 31: 89. 1984. [New local stands

in Tennessee, Kentucky, and Virginia found by using the distributions of other

disjunct plant species.]

movement of sand. Bot. Gaz. 93: 328-335. 1932.

,'eh ( Iso/vme variation ol I'huja /'//«. ata (Cupi iceae) in British Columbia

Bioehem S\st 1 ol In o> |I<mle\el of variation seem to imply a

Pleistocene genetic bottleneck.!

4. Juniperus Linnaeus. Sp. PI. 2: 1038. 1753; Gen. PI. ed. 5. 461. 1754.

Dioecious (rarely monoecious) < - rgreen ei vt to prostrate shrubs, or py-

ramidal to open-crowned trees. Bark reddish-brown, usually thin and scaly,

falling off in longitudinal strips [rarely thick and broken into plates]. Wood
fragrant, close grained, with heartwood brownish to reddish-brown. Branches

spreading or uprigl i
uded to nearly quadrangular or triangular,

grooved and somev i flatten I tves romatic, entire or minutely dentic-

ulate; juvenile leaves in whorls of 3. linear-lanceolate to subulate, spreading;

leaves of mature plants either also needlelike and in whorls of 3 (having the

spreading portion linear-lanceolate, with rigidly pointed apex, eglandular. en-

tire, abscising at the juncture /ith th( item [oi retained on the decurrent leaf

base], the abaxial surface concave and grooved, with 1 or 2 whitened stomatal

bands) or in sect. Sabina mainly scalelike and decussately opposite (acute to

acuminate or sometimes blunt tped. el I appressed, imbricate, entire or

ii, mm1 1i nti< il i < glandul ir oi •
1 i lul u iinnl .id i b« d •« ill < j urn n

base). Buds naked or covered with scalelike leaves, ovate to acute. Cones

axillary or terminal on ;horl beam hl« i from buds of the previous autumn.

Pollen cones (microsporangiati strobili) olitary [or in clusters of 3 to 6 in ./.

drupacea], ovoid to oblong; microsporophylls decussate or ternate, (6 to) 10

to 20 per cone, ovate to peltate, entire to d< nti< ulal< n i >spo ingia (?. or) '

to 6 [rarely to 8] per sporophyll, globose, attached to the abaxial edge of the

sporophy 11; pollen with .Irun v. niin I jp. nm- '»> mate cones ovoid to

globose, maturing in 1, 2, or 3 years, subtended by several whorls of persistent

scalelike bracts, with 3 to 8 [or 9] dect ssa >i na flesh} scales, these

alternating with or bearing on their innet urfa loi [rarely 3] erect ovules;

mature ovul it< cones berryliki u< < ul< nl oi ultim it
;

'1
) and fibrous, blue,

blue-black [or reddish to brownish], resinous, with scales strongly fused and

their suture lines seldom evident [rarely conspicuous], obscurely or conspic-

uously umbonate. Seeds 1 to 3 [rarely to 14] per cone, ovoid, terete or angled,

wingless, often gun n co <, i pitted b\ pressun mm,no m esicle: in th< cone

seed coat thick and bony Cotyledons 2 [to 6]. Chromosome number In = 22
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(sometimes 3// = 33 [4n 44

]

) (Including Suhina Mill, Irceuthos Antoine

& Kotschy.) Lectotype species: Juniperus communis L.; see Britton, N. Am.
Trees. 107. 1908. (Classical Latin name for junipcr.)-JuMPER, red cedar.

h< largest genus of (upressacea* with >0 oi mori species in North and
Central America, Lurasia. and northern and eastern Africa, very widely dis-

1 rduitr.i from Lin in In lo lh« i lounlain oi On ubl o id with om spi i<

Junipcrus proccra Hochst occun i i t < in pi< H mi uni m-- from 14°Nto 12°S

in eastern Africa (Florin. 1963) lumpcrsarc ol'len dommani ptanl - m ,ubdes ( i!

vegetation -for example, in the Clival Basin area of the western United States.

Of the 13 species native to the I anted S les ( , pcrus Ashei Buchh.,

./. communis L.. and ./. Virginia net L. are native in the Southeast. Three sections

are usually recogm/ed in the genus, with sects. Juniperus and Sabina (Miller)

Spach represented by native species in our area. Section Caryocedrus Endl.

contains only a single species, ,/. drupacca Labill., native to Greece and Asia
Minor and cultivated as an ornamental in Europe and the United States. This
species, occasional!) segregated in die monotvpic genus Irceuthos Antoine &
Kotschy, has very large (ca. 2-2.5 cm in diameter) and relatuelv woody ovulate

cones with the coats of the three seeds connate, as well as clustered pollen

cones, but is otherwise quite similar to sect. J cNiPfiuis, having all leaves tcrnate

and needlelike and the cones axillary.

Gausscn's (1967, 1968) informal classification treats the three sections as

subgenera and divides them into ten sections (which were not formally de-

scribed), largely on the bases of geography, cone color, number of seeds per

cone, and presence or absence of teeth on the leaf margin. The genus has also

been divided into t.

' 'In ml .i in il ,
i u group neiall folio ing ih< s<

lions" of Gaussen lw "< usliforili ' i\enth pro! ibiliiyof) peated convergence
for cone color and seed number, it is likeh that several of the species groups
in seel. Sabina are artificial, and no subsectional groups are recognized in

/anom's uvatmcnl of the North and Central American species.

Section Juniperus (sect. Owcedrus Spach) (foliage leaves needlelike, ternate.

eglandular, with blade jointed to the leaf base ar.d abscising at the juncture
with the stem; winter buds evident; cones solitary, axillary, with microspo-

in two or three years) comprises eight species (DallnnorccV: Jackson; Rushforth),
primarily from northern or mountainous areas of North America, Eurasia,

northern Africa, the Canary Islands, and the A/ores. The only North American
species is the very widespread Junipcrus communis L. {J. nana Willd., nom.
illeg.; ./. sibinca Burgsd.). commonjuniper, ground juniper, mountain juniper,

2// = 22, aprostrak <>i .pivading shrub or sometimes a columnar to irregularly

branched tree with a single whir- lomaial I >aiul generally wider than the adaxial

leaf margins. It is native to much of northern North America, occurring south
in the higher mountains to North and South Carolina and Georgia in the east

nid New Mc.NicoaiuH ililbrnia in the wcsl mil In n .
« - ial Greenland across

Europe and northern and central Asia. Franco divided the species into four

subspecies on the basis of habn uui leal" moi >holog\ ti. tefer red the eastern
North Amencan lomis u, sub,,, , ;| n |, j „ , < ai ( / cp ,essa Puish)
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species is found primanh on barren ro< lo dope and i i matted, prostrate

shrub or \ rv rareh . dv tried tree (Col i

"•
I ott< n)

Section Sabina Spach (adult leaves mostly scalelike and decussately opposite

[01 ,o n> mm ill ii mil. nd ii. dk hi , I olkn villi ,m ,il lal "I i lb

leaf base clearh decurrenl on th< stem and not jointed and abscising at the

stem juncture; wintei I Lid > indistim t: < on< s u iminal on elongating branchlets,

usually solitary; ovulate cosies maturing in one [or two] years, usually one- or

two- [more rarely to 14-]seeded) comprises 40 or more species widely distrib-

uted in North and Central America and the Caribbean, southern and central

Europe to eastern Asia, and northern and east central Africa. The North Amer-

ican species have often been di\ ided into entire- and denticulate-leaved groups

(Gausscn, 1967, 1968; Hall, 1952c; Rushforth; Zanoni & Adams, 1976). The

majority of them are denticulate leaved, while Juniperus hohzontalis Moench,

J.scopu/orumSavg. /. virip'niunci th< Mexican.; Blanoi \ Iartinez, and several

Caribbean species have entire scale leaves and may form a natural group

(Zanoni & Adams, 1976). The denticulate-leaved species in North America

tend to occur in more xenc habitats (Hall 1952c).

Junipcnts vir^iuianu I.. {Subiua viiyjnuina (L.) Anionic), eastern red cedar,

red cedar, savin, In = 22 (rarely 3// = 33; Stiff), is named in allusion to its red

heartwood. It is ven wid. h disi il at. I in th -i istern h il >l the I inh I Si it<

and southeastern Canada. It is a tree reaching 10—15(—30) m in height, with

often occurs on di> uawlb lop, andio-Cri • .. .1 h, I. m « i

soils. In Kentucky. I'ennessee noidi.ni dabama - i d Mississippi it covers

great areas of rolling limestone hills, forming nearly pure stands of small bushy

trees. The "cedar glades" in the Nashville Basin of Tennessee, noted for their

unusual flora (Quariei aw donna n. d b\ di- i r i
i i i i < u.lai

is also often found in abandoned fields and along fence rows. In coastal areas

of the eastern Gulf States, it often grows in deep swamps (where it tends to

become a large tre< I oastal sands In southwestern Texas, Ar-

kansas, and LouisLru it i , \V I n u a • \, e on i n h alln\ il bo
i

ion lends.

The populations of the southea ti n Coastal Plain (fron eastern North Car-

olina ue-.l to s«.nliicaslei n I is) Co 1 1 i I < n ti i d a i v p i i,<
\

> i

•

Juniperus silicicola Small) Bail nail Juniperus barba-

densis auct . nou I ) but detailed compari f morpl .log} and terpenoid

i In memh) \d msM' Idlimli m ih il lh. ^ a bctlci iaai a i din ohi

(Small) Silba. Varietas silicicola has been distinguished as having shorter scale

leaves, longer pollen cones mailer ovulate cone; m< m< .ie slender twigs, but

there is considerable overlap in these characters, and multivariate comparisons

fail to separate the geographic groups cleanl} (Adam 1986). Multivariate

comparison of terpenoid prolik go di < n tt but closeh adjoining inland

and coastal groups \dam noted tli coastal populations tend to have cin-

namon-colored rather than brownish bark raid a rounded rather than pyramidal

crown. On the basis of both morphology ind chemisti
,

populations from

rexasand I out ;iana previously mapped a the coastal form b Little (1971)

appear to (it into < ai \i, "im uia bi itei II- in into var. silicicola
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crosporophyll (abaxial view), showing dehisced sporangia, x 10; f, branchlct with ovulate

cone near time of pollination u ton • il. (ada ial view) itl 'erect, nl

time of pollination, x 10; h, mature ovulate cone with fused con. cafes !
. i cros

section of mature cone, onls "" seeds maturing - note resin vesicles outside seeds, x 3;

j, seed, showing pits and ridges « 5 k-q / rem am, 1 t.i u h Ik,* his tenia lca\

and axillarx o\ulate cones « i 1 detail ol il id i urn ol 1 I i ii i I i

showing broad stomal il I ml '- in unuos| o an, ial- a intiUis after shedding of

pollen, < 5; n, microsporopliyll (abaxial view), x |();o, short axillary shoot with young



1 990] HART& PRICE, CUPRESSACEAE 3 1

1

The geographic distribution o\" Juniperus virginiana adjoins or partially over-

laps those of several jiru- entire leaved ;pccics / horizontalis to ilk hoi tl

J. scopulorum to the west, and a taxonomically complex Caribbean group of

species (Adams, 1983a; Adams & Hoggc; Adams, Jarvis, Slane, & Zanoni) to

the south. Hybridization with ./. horizontalis and ./. scopulorum has been sug-

gested on the basis <:i morphological variation patterns (Fassett, 1944b, 1945b;

Hall, 1952c; Schurtz). Terpenoid profiles are suggestive of past introgression

from J. scopulorum ini » J. virginiana (Adams, 1983b; Comer el al; Flake,

Urbatsch. & Turner). Hybridization of./, virginiana and J. horizontalis on the

edge of the Driftless Area in Wisconsin has been well documented by multi-

variate analyses of morpholog md terpenoid < < nisti as well as clectro-

phoretic-banding patterns of peroxidase enzymes (Palma-Otal ei al.)

Juniperus virginiana is trios! mrulai in morphology u / st opulorum and the

Caribbean species complex. Juniperus scopulorum tends to differ from J. vir-

giniana and the Caribbean specii : in ha> ing its cones mature in the second

rather than the first year. Morton noted some variation for this character in /.

scopulorum and suggested that it be treated as a variety of J. virginiana, but

this view has not been accepted l»> mosl latei authors. Other characters that

have been used tost,., i. Hi
j

ies(F;i I 1 944a, b; Hall, 1952c; Rehder,

1940) include the degree of overlap of the mature scale leaves (much greater

in./, virginiana). the width of th< I
i < pi I mi 1 1 cells (greater in J. scopulorum),

the shape of the leaf glands (more elongate in ./. scopulorum), and the number

of sporophylls per pollen cone (lower in ./. scopulorum), although the variation

patterns are complex in both and comparisons based on wide sampling are

needed. The terpenoid distribution in the two taxa is distinctly bimodal and

provides support for their treatment as separate species (Adams, 1 983b; Comer

et al; Flake, Urbatsch, & Turner), partially intergrading in the northern and

southern Great Plains.

As main- as six species closely related to Juniperus virginiana have been

recognized from the islands of the Caribbean (see discussions in Adams, 1983a,

1986; Adams & Hogge; Adams. Jams. Slane, & Zanoni), although some au-

thors (Dallimorc & J ick on Silb i) have placed most of these taxa in synonymy

under J. barbadensi L. Junij m \ ai species endemic to

Bermuda, differs from ./. barbadensis and ./. virginiana in its stouter ultimate

bianches, averaging 1.5 mmor more in \ i It] Pi tm i> studies (Adams,

1983a; Adams & Hoggc) have indicated significant differences in terpenoid

distribution among some of thi ' ari >bean taxa and between the Caribbean

taxa and the morphologically similar ./. virginiana var. silicicola. A detailed

monographic treatment of this group is much needed.

Juniperus Ashei \luchh ( u:\ieai pren nom illeg.) \sl junipei ro<

cedar, mountain cedar, In = 22, occurs on upland limestone or dolomite

outcrops in the Ozark Mountains of northwestern Arkansas, southwestern Mis-
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souri, and adjacent Oklahoma, in the Arbuckle Mountains of southern Okla-

homa, in extreme southwi stf rn KrV insa ; and more broadly in west-central

Texas (where it often forms dense stands on the Edwards Plateau) and north-

eastern Mexico. It is a small bush\ tree differing from ' virginiana in its more
irregular or rounded branching habit, its minutely serrulate rather than entire

leaves, and its typically rounded rather than elongate leaf glands. There have

been a number of reports of hybridi/ation or morphological intergradation

between ,/. Ashci and ./. nrginiana (e.g.. Hall, 1952a. c; 1955), but these have
not been substantial, d h\ sul s< qu. m a)mn;ins ( no! u rp< uoid profiles (Adams,
1975a, 1977; Adams & Turner; Flake. Von Rudloff & Turner). The disjunct

northern populations of./. Ashci, well within the distribution of J. virginiana,

are very similar in terpenoid profile to populations of./. Ashci in the main
portion of its range (Adams. 1 975a). Junipcnis \shci is apparently most similar

to the Mexican species ./. \ahillcn\c- Hall m both morphology and terpenoid

patterns (Adams, 1975a, 1977; Zanoni & Adams, 1976). The 'terpenoids of J.

Ashci appear to represent a subset of those in the latter species, which may be

its progenitor (Adams, Von RudloiT. Zanoni, & Hogge, 1980).

Junipcnis is a very distinct genus in the (. upressaceae on the basis of its

unique fleshy cones with fused cone scales; ii has sometimes been placed in a

monogeneric tribe oi • ibl I\ Iti affinitii ; to thi i
gi tn ra are not well es-

tablished on the basi of morpholoto an th genu lar to Cuprcssus in

its distribution of tropolones (II. Erdtman & Norm) and biflavonoids (Gadek
&Quinn, 1985).

Junipcnis has been the subject ofan increasing number of detailed taxonomic
studies using multivariate analyses of terpenoid chemistry, as well as mor-
phology (sec, for example, Adams. 1983a. b. 1986; Adams & Hogge; Adams,
Von Rudlolf, Hogge, & Zanoni; Adams. Von RudlofT, & Hogge; Zanoni &
Adams, 1975, 1976), and preliminary revisions have been presented for the

Mexican and Guatemalan (Zanoni .\ Adams. I 979) and North American (Za-

noni) taxa of sect. Sabina. Species delimitation is often very difficult in the

genus, and overall monographic treatment is much needed. Problems in dis-

tinguishing species arc partially due lo the relatively eivptie characters ofleavcs,

stems, cones, and s< ed; usi d t< teparate them and to our poor knowledge of
certain species. To a large degree, however, they are due to the complexity of

variation within species and the limited divergence or convergence among
them. Fassctfs (1944a. b; 1945a. b) work on ./. virginiana, J. honzontahs, and
./. ^ v <"'"» illustra.u tin pioblem mail npitm to hscriminate among
closely related species by the use of univariate comparisons of morphological

characters —problems that have been obxiaied in purl b> multivariate analysis

ami the um ol iiid.-pen lem , hemu al data „ i , a -en i unid that quantitative

variation within individual populations can be substantial, i

" i< klm[> (
ii ilh i mih ml diili n n< e aimiiii! >pe< i« : oft n ho\ i

crable degree of overlap. Zones of past or present In bndi/ation in
i

where the species meet also add to the taxonomic complexity.

As in the rest of the family. Junipcnis most frequently I

number of In = 22. Counts have been obtained for at least 23 species (se

especially Hall, Mukherjee. & Crowley. 1973. 1979; Khoshoo, 1961; Mehn
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Mchra & Khoshoo; Sax & Sax) oi which I

e
) arc reported to be diploid or

preponderantly diploid. Triploid or tetraploid plants have been found predom-

inantly in horticultural variants (e.g., in J. chinensis L. and J. squamata Buch.-

Ham.); their frequency in wild populations is unclear. Some species differ in

karyotype; e.g., one chromosome pair is markedly heterobrachial in J. hori-

zontalis and /. procera, while all of the chromosomes are more or less isobrachial

in ,/. communis, J. virginiana, and several other species (Mehra; Mehra &
Khoshoo; Mujoo & Dhar; Ross & Duncan).

As discussed by Lemoine-Sebastian (1968), evolution within the genus Ju-

niperus has been marked b\ repi ated r< dm tions in the numbers of both cone-

scale whorls and ovules, culminating in several species with a single apparently

terminal ovule enveloped by one whorl of cone scales. Seeds with very hard

coats contained in fleshy, "berrylike" cones are effective adaptations for seed

dispersal by birds or sometimes mammals (Holthuijzen & Sharik, 1984, 1985;

Phillips). As in a number of other groups of conifers, animal dispersal of seeds

is coupled with a dioecious breeding system (Givnish).

Several species of junipers (e.g.. Jumper/^ virginiana) are hosts for cedar-

apple rust {Gymnospo ingiw pp.), whicl produces conspicuous gall-like

growths on the plan (illustrated in oker ^ ! »i ten) and is a serious pathogen

of cultivated apples and other woody Rosaccac.

The wood ofJunip, in i: fragran er> durable, and little damaged by insects.

Woodand bark ofv ..
I North . n en can species have been found to be very

effective term i t r i tf •
I Dan - iter) rhe wood of J. virginiana

{r ( been much us lib pencil; ilthough incen l:ir {(aiocedrus decurrens

(Torrey) Florin) is now much more widely employed for this purpose because

of heavy exploitation of red cedar (Hemmerly). Red cedar wood has been widely

used for fenceposU m«i niuntun w km, lb noth-resistant cedar chests for

storage of clothing. In thi west* rn I ni ted States junipers are also highly valued

for their aromatic firewood. I he essential oil (eedarwood oil) from the heart-

wood of Juniperus s| < u s li i< b< < n wid< 1\ utili/ed in compounding fragrances

for soaps, perfumes and industrial use well a m micro copy as a mountant

(Adams, 1987; Hemmerly). Leaf or fruit oils of Juniperus have been used

medicinally and can posses; powerful diuretii pi >\> ti- M< u « e i -> >

junipers an grown • orna icntal; md i large nunibei ti habil aru coioi

variants have been selected, particularly in ./. chinensis, ./. communis, and J.

virginiana (Dallimore & Jackson Knis inann . )udcn & Boom). Juniper "ber-

ries" from ,/. communis arc used as flavoring agents in cooking and in the

production ol Hx alcoholic lv\uapi i'in(il!« n < s)v<niw lion Dutch

icnevcr, traceable beck to I aim juniperus)

family references see Baili v; Bean; Bun rox. I 90S: (oker & Totten; Dal-

Jackson; G. Erdtman: H. Erdtman& Norin; Fitsohen; Florin. 1931. 1963

Quinn 1985 Gaussen « Givmsi Jreguss 1955, 1972; Hardin; Hart
r, 1962 1986, Khoshoo 1961 Kri o>n Iitiii 1 971, 1980; Mehra &

; Ouden & Boom Owe pso I i n i ' 1949 Rushforth; Sar-

)6. 1926; Sax & Sax; Silba: Singh; Feno. 1960b; and Von Rudloff.
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amovich, E. I. Resin receptacles of Junipcrus communis L. (In Russian.) Lesn. Zhur.

4: 159-161. 1961.*

>m. V I' Seasonal \anat ion of i up. noid ions nneiio m i nm il popul Hi- an oi

Junipcrus I'liiclioii, Siulw. PhUochunistn. 9: 397-4'.)2. 1970..

. Chemosystemalic and ihhimh il studies oi iuiin.il population*, m .In, apt in

i'liu //<</// Sudw. ['axon 21: 407-427. 1972. [./. Pinchotu and ./. numospcrma com-

.
I*i i \ lln ition ol lla biologii a! it i oi o ,, , ; / pp hi \ i ipciryi rrell

Bntlonia > V. ' '.-"
I

1
) [Terpenoid ol * ppcuua ' luccidt imi / 7/>

. Gene flow vei u s lection pressun and mo nil lillei ntiation in the com-
losilion ofspecii malysi li'populational \ anal ion ol'Junipci m hci Buch usinji

terpenoid data. Jour. Molecular 1 vol. 5: 177-185. 1975a.

. Numerical eh mas; i m li< luda ol n e< lalion in Junipcrus Pin-

chotu. Biochem. Syst. Ecol. 3: 71-74. 1975b.

( 'hemos\ sternal i ma I \ sis ol' populal ml Herenliation and iriabilil il

ancestral and recent populations of Junipcrus Ashci Ann. Missouri Bot. Gard. 64:

184-209. 1977.

. Diurnal variation in Ihi lerpenoid ol iuinpt copulo >,,
( npn saeea )

summer versus winter. Am. Jour. Bot. 66: 986-988. 1979. [Diurnal and day-to-day

\ ariation within trees is lower in winter when plants are less active metabolically.]

. The effects of gases from a burning coal seam on morphological and terpenoid

characters in Junipcrus scupu/orum (Cuprossaceae). Southwest. Nat. 27: 279-286.

1982. [A local columnar form of./, scopulorum is environmentally induced; hy-

(aiiblx

. Infraspecific teipenoid \

loeeno iciugia and recolonn

1983b.

( icographio \arialio iunipcrus si In n ,>la and • virgimuuu oi ilu soullieaslein

I lulled St i. , in nli r n u malv: >. of morphol so an< lerpenoid: I hid ^ I 1

75. 1986. [./. silicicola is best treated as a variety of J. virgmiana.]

. Investigation oi Iunipcrus .pecie: ol lln I ruled Slate: loi new sources of ce-

darvvood oil. Leon. Bol. 41: 48-54. 1987 [Composition ol volatile oils from the

heart wood often species.]

leaves of Junipcrus copul nt eh mo
i nun ignilicance Biochem Syst. Ecol.

4: 75-79. 1976. [Hydrocarbon terpenoids slum highest le\els in younger leaves,

oxygenated terpenoids in older ones.]

cv ,
Diurnal, variation in the volatile terpenoids of Junipcrus scopu/oruin

( upre aceae) \rn loui Bol e-4 2 ., 1 > 19

& L. Hoggi Chemosystemati* udi >fth ( anbbean junipers based on their

volatil oil Biochem Syst ol 11 ! 9 19*

!ii Si n>
i

I
v v o i \ pih lion < i o up u h i h id nsis

L and / hcimudi > i mo i di o> i\ of ,/. / rhudcusi i >m St Lucia, BWI
t« 1

1

1 i ii i ) I i)n %: 44 1 445, 19 [I ypiln in of ./. hurhudensi tid ./

ied; these are apparciiil} distinct species with narrow ranges in

. McDaniel. & F. L. Carter. Termiticidal activities in the heartwood.

eaves of Juniperus species from the United States. Biochem.
Syst. Ecol. 16:453-456. 1988.
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& B. L. Turner. Chemosystemalic and numerical studies of natural populations

of Juniperus Ashei Buch. Taxon 19: 728-751. 1970.

, E. Von Rudloff, & L. Hogge. Chemosystematic studies of the western North

American jumpers based on theii volatile oils. Biochem. Syst. Ecol. 11: 189-193.

, ,
, & T. A. Zanoni. The volatile constituents of. Junipt rus Blunt i /

and us alfinities with oilier enure leaf margin junipers of North America. Jour. Nat.

Prod. 44: 21-26. 1981. [J. Blanco! compared to ./. hori-onhiiis, ./. scopulorum, and

J. virgin/ ana.]

, F ^ 7
r o ii \ I fkx.t.i Fhe terpenoids of an ancestral/advanced

species pair of Juniperus. Biochem. Syst. ixol. 8: 35-37. 1980. [J. Ashei and J.

saltill i si hi .null i ui il. ^ nh mi it ii nctcd set ol hi, und in tin

former.]

, ,
, & —

. The south-western USAand northern Mexico onc-

eurpa. ./. moiiosnenuu. ./. Pinchotn.]

Afanasiev, M., & M. Cress. Changes within the seeds of Jump ni < ^pulorun dn mg
the processes of after-ripening and germination, jour. Forestry 40: 798-801. 1942.

Agramont, F., R. Bum iui, J
Mi i '.1 Fnzingei Flu i d cedar. Missouri Bot.

iard full k, '--'"1 [\aiuiionoi / w ntmui it, U, St Louis area.]

VI I
' \NLRt. -i , I S M.lolot" ol Mnoinin uiuhmii' ol //'///< W fi'n omi'UU <

Fedtsch. (In Russian; English sumnwr; ) I esovedenie 1972(3): 76-84. 1972.
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Bn C. G ill water conductivity ind \
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between species in water conductivity of the stem, but stem growth of/, virginiana

is much higher under favorable conditions.]

Boyd. H Hsl< hi i I <«<! i ( hi, an ius w >ni mu L I- i li
i

< ukicnn 1 SI"'.,,

Agr. Libran. 1 one un Hi, in h ^ ( ikm N pp 1951.*

Bi iin lz f F Fhe O/ark white cedai Bui la * J26-3 1 930. [Juniperus Ashei

des< i I nd d tinguishi d Iron / > v/»< rma
]

Chaturvedi, M. Studies on the pollen grains of Juniperus L Curr. Sci. Bangalore 50:
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Chesnoy, L. Sur le developpement des cones femelles du Juniperus communis L., dans

la region parisienne, de la pollinisation a la graine. Compt. Rend. Acad. Sci. Paris,
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. Nature et evolution des formations tines ' asteroides" de la cellule centrale de
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T the Mediterranean area. Arb. Bull. 20: 15, 16, 35. 1957.
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Dogra. P. D.. & S. I \nhon. Obser\ alions on the embryology of Juniperus procera
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(< n| ii < i Mm iii mim iii nui .i I i ii i d 1 mii urn i ompl Rend
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'the section Sabina. Trans. St. Louis Acad.

! . Ho,. C , 1 ' 9 2< i"
!
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3n = 33.]
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j
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|
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— —
. \ —
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I v. ii!, n iTi monni i ion Iro . m sin ubs will) ,pi adms^ m ci \:\ brain hi- Bai i

grayish, furrowed [brownish and fibrous in (
'. Macleayana]. Woodvery dense,

not distinctively colored, Jtoenile leaves necdlelikc, in whorls of four; adult

leaves scalelike, triangular, in whorls of 3. with bases deeurrent and fused to

the stem. Pollen cones solitary or clustered near branchlet tips; microsporo-

phylls in whorls of 3 [rarely 4], each with (2 or) 3 (or 4) sporangia. Ovulate

cones globose [to moid or conical], terminal on shorl. thickened stalks, bearing

6 [sometimes 8 in C. Macleayana] cone scales in 2 alternating and unequal

whorls of 3, appeal im? o form a i,\\ whorl it matin ib < one scales thickened,

triangular-ovate, valvate and opening out from the very reduced cone axis

(columella); ovules [6 to] 18 to 36 [to 54] per cone, in 3 intersecting rows

arranged around t Ik olumella md it tin ba < »hii> a m < lies. Seeds flattened,

irregularly tetrahedi.il bearim
j

1 or] ' oi lai ral iug; < otyledons 2 (rarely

3). Chromosome number 2/; = 22. (Including Octoclinis F. Mueller; Frenela

Mirbel.) Lectotype species: Callitris rhomboidea (R. Br.) A. & L. Rich.; see

Bullock. Taxon 6: 227. 1957. (From Greek kallisios, beautiful, and trcis, three,

in reference to the an igement of leaves and cone scales.) —Cypress pine.

A genus of approximately 15 species. 13 in Uistralia and two in New Cal-

edonia. Callitris is divided into sect. Orion ims Bcnlham. including only C.

Macleayana (F. Mueller) F. Mueller, and sect. Callitris (sect. Hexaclinis

Bentham). Callitris Mad n/m/is unusual in h \ mj> mn >\ ulatc cones(those

on shoots retaining the juvenile leaf t> |v) wiih eight rather than six scales, both

numbers often occurring on the same tree; loosely fibrous rather than dense,

vertically furrowed ! mi ! md onh on* elongai* i uu> < >n i he seed rather than

two or three smaller ones (Baker & Smith: ( 'lillord & ( onstantine; Garden).

Callitris eolunic/laris 1. Mueller \ar. caiupcstns Silba (C glaucophylla J.

Thompson & L. Johnson; C. glauca R. Br. ex Baker & Smith, nom. illegit.),

white cypress pine, 2n = 22. has escaped from cultivation and has become

locally nalurali/ed in sand pin {I'd x * I crub n i card Indian Kimi

Orange, Osceola, am S. minnf counties in eastern Florida (Judd, pers. coram.;

Little, 1979; Wunderlin, pers. tonini.L It is characlcri/ed by usually glaucous,

unkecled leaves and generally solitary ovulate cones with rugose but not vcr-

The nomenclature and speeies circumscription in lin « allifris colioncllans

complex has been coniro\ersial. franco chose a specimen referable to C col-

ioncllans var. coliuncllaris as a lectutxpe for ( . iluydn, a new combination

based on Frenc/a Iluyclii ( an., which would be an earlier name for the species.

Blake has contended howes ci if i ilu- spc< mien < hos« n was an inappropriate

ncotype probably representing a different species from that described in the

protologue.

Several authors (Baker \ Smith: (iarden; I acey; Thompson; Thompson &
Johnson) have recognized threi ecogeogi iphi< species in the Callitris colu-

mcllaris complex: C. glaucophylla (C. ylauca) in inland areas of the southern

two thirds of Australia, C intrairopica Balo i Smith in the tropical zone of

northern Australia, arid (
'. roluiuellaris s.s m coastal areas of Queensland and
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NewSouth Wales. Other authors (Blake; Clifford & Constantine; Dallimore &
Jackson; Venning, I 979, 1 986) have emphasized morphological intergradation

among these taxa i > > ml I u \ ancties following

Silba. There appear io In genetically based diffei m in plant habit and in

foliage coloi Hidden ity among the thret varieties (1 ice> 1 hompson & John-

son) In [) ii ti< nl ii the inland vai < mpcstris usual!) ms more glaucou foliage

than the other varieties (hence the name "white cypress pine"), while var.

roil, >u Han h lensei d nl r< n l< n ind « ion irrcj nl n bi m< In i
>

path in '« irielii camp iris md colum Hans ire \<i U similai in < )in si i

while > n intratropiai (Bakci ' Smith) Silba has been distinguished m the

ba i' oi it! (
i i,i 1 it i con > (u in lib U , th m 1.8 i m \ de) ' ilh n n r ei iij pi i

cone scales (Thompson & Johnson). It is uncertain whether plants from south-

ern Queensland, between th< generalized geographic ranges given for vars.

iniratropica md campcsiris tw I'hompson lohnson < n include* in the

morphological comparisons (see Blake). Differences in leaf and wood chemistry

among the taxa have been reported based on limil < „ mpling (see Baker &
Smith; Lacey; Thompson & lol t) i I ough range-wide comparisons

arc needed to assess I In n - didio

h wide- -M id nu h *iii I, ii [)< n llitris i o svV Miq an I o

ipproach co/am > i rpholn md i >il < ministry (Adams &
Simmons), and the taxa ha eb - i reported to produce fertile hybrids (Thomp-
son & Johnson).

Chromosome counts for six species of Callitris, all In = 22, were given by

Mchra & Khoshoo. Similar karyotypes are seen in these species, with the

chromosomes having median oi ubmedian ecntroiTu Natural hybridiza-

tion has been reported for three of these taxa. C. Prawn, C. verrucosa (A.

Cunn. ex Endl.) F. Mueller, and (
'. columcllaris var. campestris, in all possible

combinations (Adams & Simmons; Garden; Thompson & Johnson).

Morphological!; allitn shov tin greatest simil no to the western Aus-

tralian \
mi \cii / > in In hi in 1 1 I ill ii ic ii > 1 1 1 ticntly in having its

ovulate cones subtended b\ a m if cl b imbricate bracts. These are

lacking in Callitris Both genera m lecurrent leavi m whorls of three and
ovulate cones of six basallyfusei con< < th he) tl < havi similarbiflavonoid

profiles, lacking in cupressullavone and hinokiflavonc derivatives (Gadek &
Quinn, 1985). The southern African Wuhliinxionia End!., which is similar to

Callitris and Actinostrobus in embryology differs in having decussately opposite

foliage leaves, only foui scales per ovulate cone, and a much more complex

biflavonoid profile.

I lit i ;quit M-p< ii if >hol gu liol ! i n hara< ri si >mj on* in ol th<

hi a twood ol ( allnn olh n en i illi ins 10m i ut inn Bakei Is S ml )

within the Cupressaceae s.l. it has otherwise been reported only from the New
Caledonian genus Neocallitropsis (II. Erdtman & Norin).

Several specii , ol alii iris are important timber t re in uistralia, furnishing

hard, durable, termil resistanl \ ood 01 ci astruction. The bark is rich in

tannin. Resin exuding from the innei bark of cut stumps is similar to sandarac

(obtained from Tctraclinis) and has been used in the manufacture of varnishes

and incense (Lacey). In Australia various species oi Callitris are widely planted
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indbreaks and ornamental lives and are particularly valus
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